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TO TS K 

COUNT DE BUFFON, 

« 

&c. &c. See. 


SIR, 

Y OU did me honour by permitting 
me to addrefs to you my Tranfla- 
tion of your illuftrious work j and l am 
proud to exercife the privilege you fo 
politely conferred upon me. Tife im- 
portant Information it contains, and the 
Eloquence of its^compofition, joined to 
the Ingenuity, Tafle, and Erudition, 
with which it abounds, induced me to 
a « think 
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think that a Verfion of it into the Eng- 
lifh language, by diffufin g the know- 
ledge of Nature, would increafe the 
number of her admirers. The talk, it . 
* muft be acknowledged, was arduous ; 
but your approbation and encourage- 
ment, by redoubling my vigour, dimi- 
nilhed the difficulty of the labour. 

It was with the livelieft plgafure that 
I received your communications refpefl- 
ing the valuable Performances you have 
already publiffied, and concerning thofe 
great undertakings which now engage 
your attention. I failed not to an- 
nounce to your friends in this country 
the advantages which Science and Li- 
terature have yet to exped from you ; 
and T*. need hardly oblerve, that their 
wifhes and my own, for the accom- 
plifhment of your purpofes, are in pro- 
portion to the greatne^ of your ta- 
lents. 

The 
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fuceefs which the Tranflation 
has met with, .1 impute to jjie celebrity 
of -your name, and to the high value of 
the original. 

I have the honour to. be, with the 
moft entire refped, 


SIR, 

Your moft obedient, and 
Moft humble fervant, 

Edinburgh, 

WILLIAM SMELLIE, 
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P R E F A C E, 

BY THE TRANSLATOR. 


T^TAturai. History is the moft extenfive, 
and perhaps |he moft inftruftive and en- 
tertaining of all the fciences. It is the chief 
fource from which human knowledge is de- 
rived. To recommend the ftudy of it from mo- 
tives of i^ility, were to affront the underftand- 
ing of mankind. Its importance, accordingly, 
in the arts of life, and in ftoring the mind with 
juft ideas of external objeds, as well as of their 
relations to the human race, was early perceiv- 
ed by all nations in their progrefs from rude- 
nefs to refinement. 

But, notwithftanding the great advantages to 
be derived from the knowledge of Nature, Arif- 
totle is the only ancient writer on Zoology 
who pierits attention. Inftead of retailing fic- 
tions, or fa<ft:s founded upon ignorance and cre- 
dulity, he inveftigated the relations' and difier- 
ences which connect and diftinguifli the various 
tribes of animals. What had been only a chaos 
pf detached, uncertain, and often fabulous, nar- 
rations and defcriptions, he reduced into a feien- 
|ific form, with a fuccefs fo amazing, that, to this 
I hour,. 
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hour, no fyftematic view of animated beings has 
been attempted, the principles' of which have 
not been adopted from Ariftotle’s hiftory of ani- 
mals. His analogies and diftindtions are talcen 
not only from the inftruments of modon, the 
teeth, the eyes, the heart, and other external and 
internal organs of the body, to which the atten- 
tion of our modern methodifts has l?een chiefly 
confined, but from magnitude* figure, manners, 
faculties, and difpofitions of mind. He attempt- 
ed not to arrange and define^ every known fpe- 
cies. This labour he left to men of lefs genius 
and more patience. His work confifts entire- 
ly of philofophical diflertations on the general 
ftrudture, manners, and difpofitions of animals ; 
and his particular fadls are always employed to 
fupport the principles which he is endeavouring 
to eftablifli. 

Pliny and iElian, though they had the illuf- 
trious example of Ariftotle before them, pro- 
duced nothing but crude colledlions, without dif- 
covering much tafte, judgment, or knowledge 
of the fubjeft. 

From this period, till the voluminous Gefner 
apd Aldrovandus appeared, the knowledge of 
Nature, like other branches of literature, was in- 
volved in the general gloom of ignorance and 
fi|ilfeirftition. It was the ol^edt of thefe authors 

amafs every thing that had been faid of ani- 
mals by poets, fliepherds, grammarians, philo- 
fophers, phyficians, and old women. Their pror 

5 
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lixity, of courfe, is ihfufferaible; Their labours, 
however, may be regarded as rude quarries, nom 
which fome valuable materials may be dug ; but 
the expence of removing the rubbifli will, per- 
haps, overbalance their intrinlic value. 

In the fame clafs, with little exception, may- 
be ranked! Wotton, Belon, Rondeletius, Salvia- 
nus, Johnfqp, ^nd a multitude of timilar writers. 
They all tranfcribed, and fometimes abridged, 
the labours of their predeceflbrs j but they uni- 
formly loft fight ofiphilofophy and fcience. 

This race of phlegmatic writers was fucceeded 
by our celebrated countrymen Mr. Ray and 
Mr, Willoftighby, who were admirers of Nature, 
and lamerged the flovenly drefs in which fhe 
bad been formerly exhibited. They knew the 
value of her treafures, and wiflied to fliow 
them in their native brilliancy. They rejetfted 
dubious and fictitious relations. They added, 
from obfervation and experiment, many new 
faCts : They arranged animals under proper 
claflfs and fubdivifions.: They defcribed with 
accuracy and precifion : They pointed out the 
importance of the fcience, and recommended the 
ftudy of it by the folidity and clearnefs of their 
views, and by the brevity and perlpicuity of 
their compofitions. This tafte continued fome 
time, and produced the Works of Reaumur, 
Trembley, Buffon, and fimilar publications. 

From lieginnings fb profperous, much was to 
be expected. But the excellency of method v^as 


no 
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no fconer recognifed, than the philofophy of the 
fcience was nearly extinguiflied by a profiifion 
of new terms and arrangements. The j uftly ce- 
lebrated Linnseus, by perfevering induftry, join- 
ed to the utility of his technical dictionary*, 
unfortunately turned the attention o| moft na- 
turalifts, though contrary to the learned author’s 
defign, from the great -views o£ Nfiture to the 
humble ambition of fyftem^ making. It is need- 
lefs to fpecify examples. Every philofopher 
jnuft have obferved, with regret, that inundation 
of methodical diftributions which have fuccef- 
fively appeared during the courfe of thefe laft 
thirty or forty years. Since ^.inna^s’s works 
were publifhed, the attention of Naturalifts has 
been principally occupied with criticifmg former 
arrangements, and fabricating new ones. The 
philofophy of the fcience has, of courfe, been, 
almoft totally negleded. Naturally hiftory has 
been exhibited in its moft forbidding alpedl, 
which has limited the ftudy of it to a few, and 
thefe often not of the moft brilliant talents j for 
it has been remarked, that the parade of learn- 
ing, refulting from technical phrafes and definir 
tions, allure feme men to become what is called 
great natUraliJls^ whpfe chief knowledge of Na- 
turals the knack of being able to name, with fa- 
ci^y, a gi'cat number of her produdions. 

• Syftema N»torap, which, w!{h regard to onadruppds, can 
f>e cooiidered in no other light. 

This 
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This propenfity fox' multiplying methodic 
cal diftributions, and difputing about their re- 
fpp£tive merits, has brought much obloquy on 
the fci^ce of Nature. Men bf fenfe perceive 
the folly of difcuffions concerning the local fitu- 
ation of ^n animal in a book. They confider 
the authors afe learned triflersj ahi| what is 
worfe, the^ Me apt to regard a fubjeft, which 
affords noj^ter entertainment'br information, 
as barren^d unprofitable. To no other fource 
can we a^ibe the following fentiments, fo fre- 
quently cxpreffed by men of no inconfiderablc 
talents: A That natural hiftorians have feldom 

* difcove§ed extenfive views j that they confine 

* their ch*ef attention to the mere technical part 

* of the fcience ; that they rarely take notice of 

* manners and inftin^ls, or the caufes and oecb- 

* nomy of animal adtion ; and that they never 
‘ purfuc thefe great and ufeful objects With a 
‘ degree of tafte arfd philofophical accuracy, pro- 

* portioned to the importance of the fubjedt.* 
Thefe ftri£lures are common : I wifh that they 
had no foundation in truth. 

tn natural hiftory, two ends only can be at- 
tained by fyftem. Both of them are , ufeful; 
but they are extremely different in ’their kinds. 
Syftem may be employed either to facilitate the 
diflin£tion of ohjeds, or to afcertain their rela- 
tion^ in the fcale of being. 

The firft fpeeies of fyftem, it is obvious, muft 
• jgonfift entirely of a feries of external or inter- 
nal 
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nal characters. It is 6f little moment, wjhether 
the objects ranjced under particular Orders be 
mutually, connected ; becaufe, if we may judge 
from the many laborious, but abortive, ^tempts 
which have been made, Nature feem^ not to 
have exprefled fuch connedions in ^haraders 
recognifafa^e by our fenfes. A fydem To limited 
in its principles and defign, carii mj^ver alTume 
any other forra^han that of a ttrf’ nical index 
or didionary. If the general and p^!^%ular cha- 
raders be fo marked, that a fkident, ' gftcr learn- 
ing jthe divifions and language of tliijt author, 
can inveftigate the proper names of trte objeds 
prefented to him, this fyftem is perfeC ^5 becaufe 
itsible and primary intention is fulfilled. 

Were every naturalift of the fame fentiments 
with regard to this point, many incumbrances, 
which now load the fcience, wpuld be removed ; 
the tyro would not be difgufted amd retarded by 
an infinity of fynoniraes ; natural hiftory would 
acquire a more fimple and intelligible form ; and 
the number of its votaries would foon be aug- 
mented. 


The fecond fpecies of fyftem 4s more elevated 
and fublime. But, as it includes the whole phi- 
lofophy of Nature, it requires a depth of judg- 
ment, a fuperiority of genius, an extent of know- 


IjII^, which are feldom united in the fame per- 
Natural objeds are wonderfully diyerfi- 
yd in their ftrudure^ oeconomy, and faculties, 
put, in thefe, as well as ia many other circum- 
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fiances, they are no Jcfs wonderfully conneded. 
Here, then, are foundations for conftruding the 
fyftetn of Nature. To mark the difiindions, 
inveftigate the relations, to afcertain the great 
Lhain that\nites the numerous tribes which peo-> 
Ae and adcni the univerfe, would demand ta- 
ints fuperiolL p^haps, to thofe of humanity^ 
We ought jjbti Jnowever, to defpair. ^Hardly 
■najiy combined force of 

di^rent mii^^ding fucceffively upon the fame 
fubjed. SiP^ething* has already been* done. 

m time appear : Nature, in fome fu- 
. ture period, Vraay happily unite, philofophy and 
( Natural Hilrory, a phsenomenon which has hi- 
therto been Put partially exhibited. 

Among thofe authors, whether ancient or mo- 
dern, who have contributed to unfold the phi- 
lofophy of Natural Hiftory, the Count de 
Buffon holds the mqft diftinguiflied rank. 
This learned and eloquent writer has introduced 
into his fubjeds a greater variety of difquifition, 
and given more comprehenfive views of Nature, 
than any preceding or contemporary hiftorian. 
His fads are, in general, coHeded with judg- 
ment and fidelity ; and his reafonings and in- 
ferences are not only bold and ingenious, but 
adorned with all the beatifies of expreflipn, and 
all the charmjs of novelty. They every where 
lead to refiedions which are momentous and in- 
terefting. They expand, the mind and banilb 
>^gejudices. They create an elevation of thought, 

and 
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atnd pberiM an ardour of inquiiy. They open 
great and dellghtfol proiped^a of the oeco- 

* ®f the altMatiojos and acci- 

dehis^ to which &e ia Uahle^ of the caufea of her ; 
impr^emehf or degeneration, .apd p^the gene*^ 

• i^l; relations th^^^ the^whojej and giv/z 

to ail the diTetlities which ch^a&erife aqd 
Pto0itute particular prders^^^^i^^^^ 

The original work, of wliictj^atyejittempt- 
ed a tranflationy. teas uncfertekei^;^^ carried in- 
to eabeeution under the nvinifice-^^^^courage-! 
menii^^; .of a greaf^^ta The Vie(3^>..^a8 to 

compoie a: hiftory which fhould reel rd not o'niy 
every phaenothenon in the univerlf that was al- 
ready known, but to examine, oeferibe, and 
delineate from the life, all the animals which 
'cOuld be procured by rpyal influence. A plan 
fo extenfiye required the joint operation of, at 
leaft, two perfons: the one to compofe the his- 
torical part, the, ether to difle^t and minutely 
delcribe every atnlinal,' both native and foreign, 
that Ihpuld be obtained. The literary chara^er 
and philofophic talents of the CouJjt de Buf- 
fo^ pointed, the execution of the 

firft departjnenf-'^^^ the afeutenefs and anato- 
mical l^ill of l^ffiAOBENTON recommended 
him for that of^sFfbeOnd. 

Three volunae^kof tbis j^eat ^prk were given 
tq the puhlid iri tbe^ear-i 749. Thele volumes 
exhibited fUch dilplays of learnin^^^^^ genius, 
and eloquence^ ns^rqcured' to author un- 
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bomm^h admlratton^ 9 nd <i3Ccite^ 

general; defire . for; b of his plaa i 

which, hoyireyerj venous taufes, wa 3 ^^^h^^ 

accompl^ed till tl^ .year^r . 7 , 67 i t -> \ 

L The d^Jrt pi BujppN,'in the yeai: ^776^ 
uavoured me - tvorld with’ a fuppleincntar^. yp- 
Jume to hisViilmry Pf qtia^^pe^S, w^h^ beiOld^^ 
an ihgeniou|^|;||[Iertatibp\^ contaitii; the 

Itillroiy'anA^guri^ new aniinals, and 

valuabl^i** Tt,itions JO iPeift pf thpfe delcribed in 
publicatiooi j ... 

*it woull be improper to enter more minutely 


into the bjftory or contepts of this magnificent 
Work. Suth is the'fertUity'.of the author- S ge- 
nius, and fuch his ardou^fpy phllQfophi^ inqui<> 
ry, that, when treating bf the moft common 
animals, he often aftoniflifes his feadbr, with the 
profoun'dnefs of his renjarksi and |he beauty of 
his analogical dilcUffion8. C ; ^ : 


But, though the pttbUcadoU Was a great pc-^ 
quifition to literature^;«,t yet tbe.'high price of 
Sixteen Guineas unavoidable 
confequeOGe of its fplendouf^iind of the prodi- 
gious number of its elegaUlfi^rayiUgSi confined 
its utility to men of opujSt^jffienlihle of this 
inconyenieiice, the GoUN^Ib^BuFFbN, a few 
years agoj ; publifhed an edh^^ hi i^mo ; and, 
to hriftg it within thp ^aehiifof conimon pur.^ 
chafei^fhe excluded fro]^tf$he/^ minute 
j^atoudeal di^^ions and 'iiuenfuf^ionSk 
"^After thi^ fliort fketch of the. Count db 
^ pFplit^S HiQiory off^ature, it may feeui Brange 
*-^Ot.,i. 'r-V.'- h H *. that 
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thit Qp decent tranflation of it has hitherto ap« 
peared in the Engliih language. To fuch an 
un<kita1cing, the grMt expence of the engrav- , 
ings 'was one folid pbjedlion. ApotjK^r arofe J 
frorn the vaft yarl^y of l^rhing bn^loyed by^^ 
the author. When to thefe ax^. adfed the ex-;t^ 
tiberance of his fancy, the dbmfn^ and force! 
bf his didion, the delicacy and MAcJ?«(?fi^^.his 
difquifitions, we fliould rather w^^er howahy 
man could reconcile hinifelfr to a labo- 

rious, aind which required the union^nwailji^di- 
yerfified talents. 

# # * 

This tranflation comprehends what is contain- 
ed in the original fifteen volumes in quarto, to- 
gether with the fupplementaty volume to the 
hiftory of quadrupeds, except the defcription of 
the King's cabind* the dry and uninterefting 
anatomical diiTedidns and menfurations, which 
can be of little ufef but R) profeiled anatomifts, 
and have been j^rop^rty omitted by the author 
in the laft Paris; ^ition. The method of ftudy- 
ingtQatw[al Ilifinty j the reprehenfion of me- 
thodtcal diftribUtidns j and the mode of deA:ribing 
animals, are Ukewiie omihed. The chief inten- 
tion of thefe diicOurfes is to ridicule the authors 
? of fyftemadc arran^inehts, and particularly the 
late ingenuods and indefatigable 3ir Charies Eiur ^ 
nseus, whofe aeal and labours in promoting thth 
snveAigation of natural obje&S merit the hig|^f| < 

applame. ^ 
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applaufe. Hiere is a ftronger reaibn for thb 
omi£lion : The fame remarks and argument are, 
perhaps, too frequeptly rcq^ted in the hiil^ 
of partr^lar anitaals; > 

To reWer this Ehglifh y^^fion more yaJ^uabie, 
th% tranfliWOr has added ihort diftinaiveifcCi^p- 
tions to e^hj meci^ of quadrupeds,*^ For theie 
he j^ei^lehted to the labours of the leai^ 
iAr^;JmoUs Mr. Pennant. Befide theie 
ufeful ad f^bns, the fynonimies, and^^t^^^ 

charaiQers ^yen by X^mnssus, Klein, 
’^riflbn, ‘^nd other naturalifts, are ^bjoined to 
the defcri \tion of each fpecies. 

Where the author commits miftakes, or where 
he recommends practices, regarding the manage- 
ment of particular animals, which differ from 
thofe obferved in this country, the tranflator has 
taken the liberty of animadverting Upon fuch 
paflages in notes : But he has feldbm taken any 
notice of peculiar theories or doctrines. Thefe 
muft reft upon the fai£is and arguments employ- 
ed by the author. It was not the intention of 
the tranflator to write a commentary upon his 
original. 

The great variety of fubji^bdift^fled by the 
Count de Buftbn, has alrea% i>een mentioned. 
It is almoft unneceflary to rcniark, that every 
fubje^ demands a peculiar ftyle. A bare enu- 
meratioh of fafts, or difcripiions Of the dimen- 
/dions, figure, and colour of aniUials, ad mit of no 
'‘^ther ornament than that of perirpieUity. Topics 
philt^pphy and argument require a higher and 
2 more 
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ihore figurative expreffion : And addrefies id 
the pafiions, and the finer feelings of men, give 
full Rope to the ex<^fe of genius and of tafte^ 
Of thefe different fpecies of writing, th/ exam* 
pies afp numerous in tlie works of thafCouNT 
DE.: Bitffon. The tiahllator has enZeavourfid 
to folldw the original, as £far Is. Ms abilities 
Vi^uld permit. The degree of Jh^.^ias 
attained muft be fubmitted- to the\^ri«K'ac- 
termination of the -public. He fhw. t^nly fay, 
that his appfehenfipns,^ though he 
of no vpluniaiy negligence, are niucl; greater 
than his hopes. 

B. Since the fifft edition was printed, the 
Count de Buffon has publifiied another fupple- 
mentary vdlume* It confifts chiefly of curious 
and interefting faCis with regard to the hiftory 
of the earth* Thefe the Tranflator has added in 
a feparate volume, ( which, to accommodate the 
purdiafers of the former edition, he has directed 
to be fold by itfclf. 

In the cKmenfidns of animals,^he tranf- 
ilator has retaineithjihe French meafures. The 
differences DetweehVthe foot dr inch of England 
and France are fo inconfiderable, when applied 
to individual animals, that he thought it unne* 
ceflary tp reduce thetn^’lo the precife^Englilh 
itandardf efpedally a8:^the dimehKions are Eng- 
lilh in the djaft^ptipns i^ed in the notes. 1 
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T he ‘‘ ifigure of .the earth *, its mbtions, or 
the,, external relations which fubfift be- 
tween it an*! the other parts of the univerfe, be-* 
long not to our prefent inquiry. It is the inter- 
nal ftrudture of the globe, its form and manner 
of exiftence, which we here propofe to examine. 
The general hiftory of the earth ought to precede 
that of its produdions. Details of p^jticula?’ 
fads relating to the oeconomy and manners of 
animals, or to the culture and vegetation of 
plants, are not, perhaps, fp much the objeds of 
natural hiftory, as general dedudions from the 
obfervations that have been made upon the dif- 
ferent materials of which the ear^ itfSf is com- 
pofed j as its heights* depths, and inequalities j 
the motions of the fea, the diredion of moun- 
tains, the htuation of rocks and quarries, the ra- 
pidity and efieds of currents In the ocean, &c. 

♦ See Aibrequent proofs of thit theory of the earth, art. I. 
iOL. I. A This 
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This is the hiftoty of Nature at large, and of her 
principal operations, by which every other infe- 
rior or lei's general effect is produced. The the- 
ory of thefe efFefts conftitutes what mai be call- 
ed the primary fcience, upon which/^ a precife 
knowledge of particular appearancesy/as well as 
of terreftrial fubftances, folely lepe^^yids. Thi^ 
^cies of fcience may be confiM^jid as apper- 
taining to phyfics ; but, is not all »'•*- 

ledge, where fyftem is excluded, r. j\rt of the 
hiftory of nature ? 

In fubjc^s of an extenfive kind, th|s relatidUi 
of which it is difficult to trace, ^here fome 
fads are but partially known, and fathers ob- 
fcure, it is more eafy to form a fanciful fyftem, 
than to eftablilh a rational theory. Thus the 
theory of the earth has never hitherto been 
treated btit in a vague and hypothetical manner. 
I (hall, therefore, exhibit a curfory view only 
of the notions of fome authors who have writ- 
ten upon this lubjed. 

The firft hypothefis I Ihall mention is more 
confpicuous for its ingenuity than folidity. It 
is the produdion of an Englilh aftronomer*, 
who was ^ an enthufiaftic admirer of Sir Ifaac 
Newton’s fyftem of philofophy. Convinced 
that every poffible event depends upon the mo- 
tions and diredion of the ftars, he endeavours 
to prove, by means of mathematical calculations. 


t&at 


* Wfaillon. See the proofs, art. II* 
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that all the changes this earth has undergone 
have been produced by the tail of a comet. 

For another hypothefis we are indebted to a ' 
heterodoVc divine *, whofe brain was fo fully imr- 
'^regnateci^with poetical illulions, that he ima* 
Wined he lUd feen the univerfe created. After 
felling us the, ilate of the earth when it firft 
Iprung frona?^ |) )thing, what changes have been 
ihtircduced b’/the deluge, what the earth has been, 
and wl^f it now js, he aflumes the prophetic 
ftylg,,j-..id predids what will be its condition af- 
ter the def rudion of the human kind. 

A third ^writer t, a man of more exten five 
obfervatiom than the two former, but equally 
crude and confufed in his ideas, explains the 
principal appearances of the globe by the aid of 
an immenfe abyfs in the bowels of the earth, 
which, in his eftimation, is nothing but a thin 
cruft inclofing this vaft ccean of fluid matter. 

Thefe hypothefes are all conftruded on tot- 
tering foundations. The ideas they contain are 
indiftind, the fads are confounded, and the 
whole is a motley jumble of phyfics and fable. 
They, accordingly, have never been adopted but 
by men who embrace opinions without exami- 
nation, and who, incapable of diftinguiftiing the 
degrees of probability, are more deeply imprefl*- 
ed with marvellous chimeras than with the ge- 
nuine force of truth. 

* Burnet. See proofs, art. III. 
t Woodward. Sec proofs, art. IV- 
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My ideas on this fubje<fl will be lefs extraor- 
dinary, and may even appear unimportant, when 
compared' with the grand fyftems of fuch hypo- 
thetical writers. But it fhould not be forgotten, 
that it is the bufinefs of an hiftorian X.J defcribe, 
not to invent ; that no gratuitous fuappofitions' 
are to be admitted in fubjefls wlfich /lepend .up-f 
on fa.&. and obfervation ; and thar,^in hiftorical 
compofitions, the imagination canri^ be employ- 
ed, except for the purpofe of combinii;c; obferva- 
tions, of rendering fails more gen^ra'i^i^r^ of 
forming a connedled whole, which prefents itr- 
the mind clear ideas, and probable QBnjeiSlures : 

I fay, probable ; for it is impofiible to give dc- 
monftrative evidence on this fubjedt.*^ Demon- 
ftration is confined to the mathematical fciences* 
Our knowledge in phyfics and natural hiftory 
depends entirely on experience, and is limited to 
the method of rcafoning by indudlion. 

With regard to the hiftory of the earth, there- 
fore, w’c fliall begin with fuch faefts as have been 
univerfally acknowledged in all ages, not omit- 
ting thofe additional truths which have fallen 
within our own obfervation. 

I’he fufface of this immenfe globe exhibits to 
our obfervation heights, depths, plains, feas, 
marfhes, rivers, caverns, gulfs, volcano's ; and, 
on a cdfrfory view, we can difeover, in the dif- 
pofition of thefe objefts, neither order nor re- 
gularity. If \v£ penetrate into the bowels of tlje 

earth,'' 
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earth, we find metals, minerals, ftones, bitumens, 
fands, earths, waters, and matter of every kind, 
leemingly placed by mere accident, and without 
any app. rent defign. Upon a nearer and more 
attentive ^nfpeclion, we difcover funk moun- 
tains*, cav'erns filled up, fhattered rocks, whole 

I :ountries ftvalldwed up, new iflands emerged 
rom the ocean, heavy fubftances placed above 
light ones, hard bodies inclofed within foft bo- 
dies ; in a word, we find matter in every form, 
dry ancWiumid, waVin and cold, folid and brittle, 
^'•Iciided in a chaos of confufion, wliich can be 
compared to nothing but a heap of rubbifli, or 
the ruins of a world. 

Thefe rflins, however, we inhabit with per- 
fe£l: fecurity. The different generations of men, 
of animals, and of plants, fucceed one another 
without interuption : The produdfions of the 
earth are fufficient for their fuftenance ; the mo- 
tions of the fca, and the currents of the air, are 
regulated by fixed laws f ; the returns of the fea- 
Ibns are uniform, and the rigours of winter in- 
variably give place to the verdure of the fpring. 
With regard to us, every thing has the appear- 
ance of order : The earth, formerly chaos, is 
now a tranquil, an harmonious, a delightful ha- 
bitation, where all is animated and governed by 

• Sec Senec. Quaeft. lib. 6. cap. 21. Strab. Geog, lib. x, 
Orofius^ lib. 2. cap. 18. Plin. lib. z. cap. 19. Hill, de Pacad. 
de.'^rciences^ annee i7o8> p. 23* 
f Sec the proofs, art. XIV. 
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fuch amazing difplays of power and intelligence, 
as fill us with admiration, and elevate our piinds 
to the contemplation of the great Creator. 

But let us not decide precipitantly concern- 
ing the irregularities on the furface of the earth, 
and the apparent diforder in its bowels : We fhall 
foon perceive the utility, and even pe neceflity 
of this arrangement. With a little attention^ 
we fliall perhaps difcover an order of which we 
had no conception, and general relations that 
cannot be apprehended by a flight examination. 
Our knowledge, indeed, wdth regard to tln^tdii. 
jedt, muft always be limited. We are entirely 
unacquainted with many parts of the furface of 
this globe and have partial ideas only con- 
cerning the jjottom of the ocean, which, in ma- 
ny places, has never been founded. We can 
only penetrate the rind of the earth. The 
greateft caverns j", the deepeft mines 4'., defeend 
not above the eight thoufandth part of its dia- 
meter. Our judgment is therefore confined to 
the upper ftratum, or mere fuperficial part. We 
know', indeed, that, bulk for bulk, the earth is 
four times heavier than the fun : We likewife 
know the proportion its weight bears to that of 
the other planets. But ftill this eftimation is 
only relative. We have no ftandard. Of the 
real weight of the materials we are fo ignorant, 
that the internal part of the globe may be either 

* See proof5, nrt. VJ. f Phil, tranf. abridged, volrsii,^ 

P« t Boyle’s works, voi. iii. p, 232. 

a void 
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a void fpace, or it may be compofed of matter 
a thoufand times heavier than gold. Neither is 
there any method of making farther difcoveries 
on this fubjedf. It is even with difficulty that 
rational conjedlures canb6 formed*. 

We miift therefore confine ourfelves to an ac- 
jcurate exa,Taination and defcription of the furface 
(of the earth, and of fuch inconfiderable depths 
as we have been able to penetrate. The firft 
objedt which attrads attention, is that immenfe 
colledlipn of waters with which the greateft 
paiL of the globe is covered. Thefe waters oc- 
cupy the loweft grounds ; their llirface is always 
level ; and, notwithftanding their uniform ten- 
dency to ©quilibrjum and reft, they are kept in, 
perpetual agitation by a powerful agent f , which 
counteradls their natural tranquillity, which com- 
municates to them a regular periodic motion, 
alternately elevating and depreffing their waves, 
and which produces a concuffion or vibration 
in the whole mafs, even to the moft profound 
depths. This motion of the waters is coeval with 
time, and will endure as long as the fun and 
moon, by which it is produced. 

In examining the bottom of the fea, we per- 
ceive it to be equally irregular as the furface of 
the dry land [f. We difcoytr hills and valleys, 
plains and hollows, rocks and earths of every 


A 4 


* See proofs, art. I. 
•} Proofs, art. XIII. 


t Proofs, art. XII. 
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kind * : We difcover, likewife, that iflands are 
nothing but the fummits of vaft mountains, 
whofe foundations are buried in the ocean f ; 
we find other mountains whofe tops are nearly 
on a level with the furface of the water ; arid 
rapid currents which run contrary to' the gene- 
ral movement Thefe currents fonietimes run 
in the fame direftion ; at other times their mo- 
tion is retrograde || ; but they never exceed their 
natural limits, which feem to be as immutable 
as thofe which bound the efforts of land-rivers. 
On one hand, we meet with tempeftuous re- 
gions, where the winds blow with irrefiftible fury, 
where the heavens and the ocean, equally con- 
vulfed, are mixed and confounded in (he general 
Ihock; violent inteftine motions, tumultuous fwel- 
lings§, water-fpouts*’*^, and ftrange agitations, 
produced by volcano’s, whofe mouths, though 
many fathoms below the furface, vomit forth 
torrents of fire, and pufh, even to the clouds, 
a thick vapour, compofed of water, fulphur^ 
and bitumen ; and dreadful gulphs or whirl- 
poolsff, which feem to attradl veffels for no 
other purpofe than to fwallow them up. On 
the other hand, we difcover vaft regions of an 
oppofite nature, always fmooth and calm, but 

* SeeM. Buacbe’s chart of the depths of the ocean between 
Africa and America. f Varenii Geog. gen. p. 218. 

t Proofs, art. XIIU || Varen, p. 140. and Voyages de 

Firard, p. 137. § Shawls travels. Proofs, art. XVI. 

ff The Maleftroom in the Norwegian fea. 
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equally dangerous to the mariner Here the 
winds never exert their force ; the nautical art 
is of no utility ; the becalmed voyagers muft 
remain immoveably fixed, till death relieve them 
from mifery. To conclude, diredting our eyes 
toward the fouthern or northern extremities of 
the globe, we difcover huge mafles of ice 'f, 
Ivhich, detaching themfelves from the polar re- 
gions, advance, like floating mountains, to the 
more temperate climates, where they dilTolve 
and vatvifli from our view 

Befide thefe grand objedls, the ocean prefents 
us with myriads of animated beings, almoft in- 
finite in variety; Some, clothed in light i'cales, 
fwim with* amazing fwiftnels ; others, loaded 
with thick fhells, trail heavily along, leaving 
their traces in the fund : To others Nature has 
given fins refembling wings, with which they 
fupport themfelves in the air, and fly before 
their enemies to confiderable diftances. Laftly, 
the fea gives birth to other animals, which, to- 
tally deprived of motion, live and die immoveably 
fixed to the fame rocks: All, however, find 
abundance of food in this fluid element. The 
bottom of the ocean, and the flielving fides of 
rocks, produce plentiful crops of plants of many 
dilFercnt fpeciesj its foil is compofed of fand, 
gravel, rocks, and fhells ; in fome places, it is a 
fine clay, in others, a compa£t earth; and, 
in general, the bottom of the fea has an 

* The calms and tornados in the iEthjopan fea. 

*1^ Proofs^ art. VI. and I Buache’s chart, 1739. 
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eicaft refemblance to the dry land which we 
Inhabit. 

« 

Let us next take a view of the land : What 
prodigious differences take place in different 
climates ! What a variety of foils ! What inequa- 
lities in the furface ! But, upon a more attentive 
obfervation, we fhall perceive, that the great 
chains of mountains lie hearer the equator than 
the poles*'; that, in the Old Continent, their 
diredlion is more from eaft to weft than from 
fouth to north ; and that, «>on the contrary, in 
the New Continent, they extend more from north 
to fouth than from eaft to weft. But, what is 
ftill more remarkable, the figure and direQion 
of th,efe mountains, which have a nv3ft irregular 
appearance 'I', correfpond fo wonderfully, that the 
prominent angles of one mountain are conftant- 
iy oppofite to the concave\ angles of the neigh- 
bouring mountain 1|, and of equal dimenfions, 
whether they be feparatcd by an extenfive plain, 
or a fmall valley. I have further remarked, that 
oppofite hills are always nearly of the fame 
height; and that mountains generally occupy 
the middle of continents, iflands, and promon- 
tories, dividing them by their greateft lengths §. 
]IE have likewife traced the courfes of the princi- 
pal rivers, and find that their direction is near- 
iiy' perpendicular to the fea-coafts into which 
ihey empty themfelves; and that, during the 

^ Proofs, art. IX. f Ibid. art. IX. XII. J Saliant 
and re-entering angles ; Muller’s fortiiication. || Lettres 

Phil, de ilourguet, p. i8i. § Varcn. Geog. p. 69. 

' greateft 
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greateft part of their courfes, they follow the^ 
diredtion of the mountains from which they de- 
rive their origin The fea-coafts^are generally 
bordered with rocks of marble and other hard 
ftones, or rather with earth and fand accumu- 
lated by the waters of the fea, or brought down 
and depolited by rivers. In oppofite coafts, fepa- 
yated only by fmall arms of the fea, the different 
ftrata or beds of earth are of the fame materials f . 

I find that volcano’s never exift but in high 
mounttyins :|: ; thati a great number of them 
are entirely extinguiflied ; that fomeare connedt- 
ed with others by lubterranean pafiages, and their 
eruptions not unfrequently happen at the fame 
time II . There are fimilar communications be- 
tween certain lakes and feas. Some rivers fud- 
denly difappear §, and feera to precipitate them- 
felves into the bowels of the earth. We likewife 
find certain mediterranean or inland feas, which 
conftantly receive, from many and great rivers, 
prodigious quantities of water, without any aug- 
mentation of their bounds, probably difeijarging, 
by fubterraneous pafiages, all thefe extraneous 
fupplies. It is likewife eafy to diftinguifh lands 
which have been long inhabited, from thofe new 
countries where the earth appears in a rude ftate, 
where the rivers are full of cataradts, where the 
land is either nearly overflowed with water, or 
burnt up with drought, and \yhere every place 

* Proofs, art. X. f Ibid. art. VII. J Ibid. art. XVI. 
II Kircher Mund. fubter. in praef, § Varen. Geog. p. 43. 

capable 
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• 

capable of producing trees is totally covered with 
wood. 

Proceeding in our examination, we difcover 
that the upper ftratum of the earth is univcrfal- 
ly the fame fubftance that this fubftance, 
from which all animals and vegetables derive 
their growth and nourifliment, is nothing but 
a compofition of the decayed parts of animat 
and vegetable bodies, reduced into fuch fmall 
particles that their former organic Rate is not 
diftinguifliable. Penetrating a little deeper, we 
find the real earth, beds of fand, lime-ftone, clay, 
fbells, marble, gravel, chalk, &c. Thel'e beds 
are always parallel to each other f, and of the 
fame thicknefs through their whole “extent. In 
neighbouring hills, beds or firata of the fame 
materials are uniformly found at the fame le- 
vels, though the hills be feparated by deep and 
large valleys. Strata of every kind, even of the 
moft folid rocks, are uniformly divided by per- 
pendicular fiflures Shells, Ikeletons of filhe?, 
marineiplants, &c. are often found in the bowels 
of the earth, and on the tops of mountains ||, even 
at the greateft diftances from the fea. Thefe 
Ihells, fifties, and plants, are exadtly fimilar to 
tbofe which exift in the ocean. Petrified fliells 
are to be met with, almoft every where, in 
jMTodigious quantities : They are not only in- 
clofed in rocks of marble and lime-ftone, as 

♦ Proofs, art. VII. f Ibid, and Woodward, p. 41. &c« 

t Proofs, art. VIII. H Proofs, VIII. 


well 



THEORY OF THE EARTH. 13 

well as in earths anil clays, but are actually in- 
corporated and filled with the very fubftances 
in which they are inclofed. In fine, I am con- 
vinced, by repeated obfervation, that marbles, 
lime-ftones, chalks, marles, clays, fand, and al- 
moft all terrcftrial fubftances, wherever fitua- 
ted, are full of fhells and other Ipoils of the 
©cean"^. 

Having enumerated thcfe fafis, let us try 
vv'hat conclufions can be drawn from them. 

The ohanges which the earth has undergone 
during the laft two or three thoufand years 
are inconfiderable, when compared with the 
great revolutions which muft have happened 
in thofe ages that immediately fuccccded the 
creation. For, as terreftrial fubftances could 
only acquire folidity by the continued adtioir 
of gravity, it is eafy to demonftratc, that the 
furface of the earth was at firft much fofter than 
it is now; a*id, confequently, that the fame 
caufes, which at prefent produce but flight and 
almoft imperceptible alterations during the courfe 
of many centuries, were then capable of produ- 
cing very great revolutions in a few years. It 
appears, indeed, to be an incontrovertible fadi, 
that the dry land which we now inhabit, and 
even the fummirs of the higheft mountains, 
were formerly covered with the waters of the 
fea ; for fhells, and other marine bodies, 4ire 

Steno, Woodward, Ray, Bourguct, Scheuchzer, Phil. 
Tranf. Mem* de Px\cadA.^c. 

0 " ftiii 
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ftill found upon the very tops of mountains. It 
likewife appears, that the waters of the fea have 
remained for a long track of years upon the fur- 
face of the earth ; becaufe, in many places, fuch 
immenfe banks of fhells have been difcovered, 
that it is impoflible fo great a multitude of ani- 
mals could exift at the fame time. This circum- 
ftance feems likewife to prove, that, although 
the materials on the furface of the earth were 
then foft, and, of courfe, eafily difunited, 
moved, and tranfported, by the watebj yet 
thefe franfportations could not be fuddenly ef- 
iedcd. They muft have been gradual and fuc- 
ceffive, as fea-bodies are fometimes found 
more than looo feet below the furface. Such 
a thicknefs of earth or of ftonc could not be ac- 
cumulated in a Ihbrt period. Although it Ihould 
be fuppofed, that, at the deluge, all the fliells 
were tranfported from the bottom of the ocean, 
and depofited upon the dry land ; fet^ befide the 
difficulty of eftablifliing this fuppofition, it is 
clear, that, as (hells are found incorporated* in 
marble and in the rocks of the higheft moun- 
tains, we mull likewife fuppofe, that all thefe 
marbles and rocks were formed at the fame 
time, and at the very inftant when the deluge 
took place; and that, before this grand revolu- 
tion, there were neither mountains, nor marbles, 
nor rocks, nor clays, nor matter of any kind, 
limilar to w'hat we are now acquainted with, 
as they all, with few exceptions, contain (hells, 

and 
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and other produdlions of the ocean. Befides, at 
the time of the uniyerfal deluge, the earth muft 
have acquired a confiderable degree of folidity, 
by the a£lion of gravity for more than fixteen 
centuries. During the fhort time the deluge 
lafted, therefore, it is impoflible that the waters 
fliould have overturned and diflblved the whole 
furface of the earth, to the greateft depths that 
mankind have been able to penetrate. 

But, not to inftft longer on this point, 
which fhall afterwards be more fully canvafled, 
I flaall confine myfelf to known and eftablifhed 
fadls. It is certain, that the waters of the fea 
have, at fofne period or other, remained for a 
fucceflion oT ages upon what we now know to 
be dry land ; and, confequently, that the vaft 
continents of Afia, Europe, Africa, and Ameri- 
ca, were then the bottom of an immenfe ocean, 
replete with every thing which the prefent ocean 
produces. It is likewife certain, that the diffe- 
rent ftrata of the earth are horizontal, and pa- 
rallel to each other This parallel fituation 
muft, therefore, be owing to the operation of 
the waters, which have gradually accumulated 
the different materials, and given them the fame 
pofition that water itfelf invariably affumes. 
The horizontal pofition of ftrata is almoft uni- 
verfal : In plains, the ftrata are exadly horizon- 
tal. It is only in the mountains that they are 
inclined to the horizon j becaufe they have ori- 

• Proofs, art. VII. 
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ginally been formed by fediments depofited up- 
on an inclined bafe. Now, I maintain, that thefe 
flrata muft have been gradually formed, and 
that they are not the cffe<Sl: of any fudden revo- 
lution; becaufe nothing is more frequent than 
ftrata compofed of heavy materials'placed above 
light ones, which never could have happened, 
if, according to fome authors, the whole had 
been blended and diflblved by the deluge, and 
afterwards precipitated. On this fuppofition 
every thing Ihould have hail a different afpedt 
from what now appears. The heavieft bodies 
(hould have defcended firft, and every llratum 
ihould have had a fituation correfponding to 
its fpecific gravity. In this cafe we* Ihould not 
have feen folid rocks or metals placed above 
light fand, nor clay under coal. 

Another circumftance demands our attention. 
No caufe but the motion and fediments of 
water could poffibly produce the regular pO- 
fition of the various ftrata of which the fuperfi- 
cial part of this earth is compofed. The higheft 
mountains confift of parallel ftrata, as well as 
the loweft valleys. Of courfe, the formation of 
mountains cannot be imputed to the fliocks of 
earthquakes, or to the eruptions of volcano’s. 
Such fmall eminences as have been raifed by 
volcano's or convulfions of the earth, inftead of 
being compofed of parallel ftrata, are mere maf- 
fes of weighty material?, blended together in the 

utmoft • 
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utmoft confufion*. But this parallel and hori- 
zontal pofition of ftrata muft neceflariljr be the 
operation of a uniform and cordlant caufe. 

We are, therefore, authorifed to conclude, 
from repeated and incontrovertible fa£ts and ob- 
fervations, that the dry and habitable part of the 
earth has for a long time remained under the 
waters of the fea, and muft have undergone the 
fame changes which are at prefent going on 
at the bottom of the ocean. To difeover what 
has formerly happehed to the dry land, let us 
examine what pafles in the bottom of the fea ; 
and we fhall foon be enabled to make fome ra- 
tional concJufions with regard to the external fi- 
gure and internal conftitution of the earth. 

The ocean, from the creation of the folar fyfi- 
tern, has been conftantly fubjedl to a regular 
flux and reflux. Thefe motions, which happen 
twice in twenty-four hours, are principally oc- 
cafioned by the aftion of the moon, and are 
greater in the equatorial regions than in other cli- 
mates. The earth likewife performs a rapid mo- 
tion round its axis, and, confequently, has a centri- 
fugal force, which is alfo greateft at the equator. 
This laft circumftance, independent of aAual 
obfervations, proves, that the earth is not a per- 
fect fphere, but that it muft be more elevated 
under the equator than at the poles. From ihefe 
two combined caufes, the tides, and the motion 

• Proofs, art* XVII. 
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of the earth, it may be fairly concluded, that, al- 
though this globe had been originally a perfect 
fphere, its diurnsti motion, and the ebbing and 
flowing of the tides, muft neceflarily, in a fuc- 
ceflion of time, have elevated the equatorial 
parts, by gradually carrying mud, earth, fand, 
fliells, &c. from other climates, and depofiting 
them at the equator*. On this fuppofition, the 
greateft inequalities on the furface of the earth 
ought to be, and, in fa£b, are found, in the 
neighbourhood of the equatbr. Befides, as the 
alternate motion of the tides has been con- 
ftant and regular fince the exiftence of the 
world, is it not evident, that, at each tide, the 
water carries from one place to anoAer a fmall 
quantity of matter which falls to the bottom 
af a. iediment, and forms thofe horizontal and 
parallel ftrata that every where appear ? The 
motion of the waters, in the flux and reflux, 
being always horizontal, the matter tranfported 
by them muft neceflarily take the fame parallel 
diredion after it is depofited. 

To this reafoning, it may be objedbed, that, as 
the flux is equal to, and regularly fucceeded by, 
the reflux, the two motions will balance each 
other; or, that the matter brought by the flux will 
be carried back by the reflux; and, confequently, 
that this caufe of the formation of ftrata muft 
be chimerical, as the bottom of the ocean can 
never be afieded by a uniform alt^ate motion 

* Pj-oofk, art. Xll. 
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of the waters; far lefs could this motion change 
its original ftrudure, by creating heights, and 
other inequalities. 

But, in the firft place, the alternate motion of 
the waters is by no means equal; for the fea 
has a continual motion from eaft to well : Be> 
fides, the agitations occahoned by the winds pro- 
•duce great inequalities in the tides. It will like- 
* wife be acknowledged, that, by every motion 
in the fea, particles of earth, and other mate- 
rials, mull be carrited from one place, and de- 
polited in another; and that thefe colieftions 
of matter miift aflume the form of parallel and 
horizontal ‘ftrata. Farther, a well-known fadl 
will entirely obviate this objection. On all 
coafts, where the ebbing and flowing are dif- 
cernible*, numberlefs materials are brought in 
by the flux, which are not carried back by the 
reflux. The fea gradually increafes on fome 
places, and recedes from others, narrowing its 
limits, by depofiting earth, fand, Ihells, &c, 
which naturally take a horizontal pofition. 
Thefe materials, when accumulated and eleva- 
ted to a certain degree, gradually fliut out the 
water, and remain for ever in the forip of dry 
land. 

But, to remove every doubt concerning this 
important point, let us examine more clofely 
the pradlicability of a mountain’s being formed 
at the bottom of the fea, by the motion and fe- 

* Proofs, art. XIX. 
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diments of the water. On a high coaft wliich 
the fea wafhes with violence during the flow, 
fome part of the earth mufl; be carried off by 
every ftroke of the waves. Even where the fea is 
bounded by rock, it is a known fact, that the 
ftone is gradually wafted by the water*; and 
confequently, that fmall particles are carried oft 
by the retreat of every wave. Thofe particles 
of earth or ftone are neceffarily tranfported to 
fomc diftance. Whenever the agitation of the 
water is abated, the particles are precipkated in 
the form of a fediment, and lay the foundation 
of a firft ftratum, which is either horizontal, or 
inclined, according to the fituation "of the fur- 
face upon which they fall. This ftratum will 
foon be fucceeded by a fimilar one, produced 
by the fame caufe; and thus a confiderable 
quantity of matter will be gradually amaflTed, 
and difpofed in parallel beds. In procefs of 
time, this gradually accumulating mafs will be- 
come a mountain in the bottom of the fea, ex- 
actly refembling, both in external and internal 
ftrudure, thofe mountains which we fee on the 
.dry land. If there happened to be fliells in 
that part of the bottom of the fea where we 
have fuppofed the fediments to be depofited, 
they would be covered, filled, and incorporated, 
with the depofited matter, and form a part of 
the general mafs. Thefe fhells would be lodged 
in different parts of the mountains, corrcfiiond- 


♦ See Shaw’s travels. 
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ing to the times they were depofited. Thofe 
which lay at the bottom, before the firft ftratum 
was formed, would occupy the loweft ftation; 
and thofe which were a'fterwards depofited, 
would be found in the more elevated parts. 

In the fame manner, when the bottom of the 
fea, .at particular places, is troubled by the agi- 
tation of the waters, earth, clay, fliells, and other 
■matter, muft necelTarily be removed from thefe 
parts, and depofited elfewhere. For we are af-s 
fured by divers, tliht the bottom of the fea, 
at the greateft depths to which they defeend 
is fo ftrongly affedied by the agitation of the 
water, that ‘earth, clay, and fliells, are removed 
to great dift&nces. Tranfportations of this kind 
muft, therefore, be conftaritly going on in every 
part of the ocean ; and the matters tranfporced, 
after fubfiding, muft uniformly raife eminences 
fimilar, in every refpe£b, to the compofition and 
llru(fture of our mountains. Thus the motions 
produced by the flux and reflux, by winds and 
currents, muft uniformly create inequalities in 
the bottom of the ocean. 

Farther, we muft not Imagine that thefe 
matters cannot be carried to great diftances, 
fince we daily find grain, and other prod udions 
of the Eaft and Weft Indies, arriving on our 
coaftsf* Thefe bodies are, indeed, fpecifically 
lighter than water; and the other fubftances 

* Boyle’s works, vol 3. p. 232. t Particqiarly on tho 

coalts of Scotland and of Ireland. See Ray’s Difcourfes. 
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aye fpecifically heavier. Still, however, as they 
are reduced to an impalpable powder, they may 
be kept long fufpended in the water, and, of 
courfe, tranl'ported to any diftance. 

It has been conceived, that the agitation pro- 
duced by the winds and tides is only fuperficial, 
and affe6ts not the bottom, efpecially when it is 
very deep. But it ought to be remembered, 
that, whatever be the depth, the whole mafs 
i^ put ip motion by the tides at the fime time ; 
and that, in a fluid globe, this motion would be 
communicated even to the centre. The power 
which occafions the flux and reflux is penetrat- 
ing; it a<fis equally upon every particle of the 
mafs. Hence the quantity of its force, at differ- 
ent depths, may be determined by calculation. 
Indeed, this point is fo certain, that it admits 
not of difpute. 

We cannot, therefore, helitate in pronouncing, 
that the tides, the winds, and every other caufe 
of motion in the fea, muft produce heights and 
inequalities in its bottom ; and that thefe emi- 
nences muft uniformly be compofed of regular 
ftrata, either horizontal or inclined. Thefe 
heights will gradually augment; like the waves 
which formed them, they will mutually refpefk 
each other; and if the extent of the bafe be 
great, in a track of years they will form a vaft 
ch^in of mountains. Whenever eminences are 
formed, they interrupt the uniform motion of 
the waters^ and produce new motions, known 
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by the name of currents. Between two neigh- 
bouring heights in the bottom of the ocean, 
there muft be a current*, which will follow 
their common direftion, and, like a river, cut a 
channel, the angles of which will .be alternately 
oppofite through the whole, extent of its courfe, 
Thefe heights muft continually increafe; for, 
.during the flow, the water will depolite its or- 
• dinary fediment upon their ridges, and the wa- 
ters which are impelled by the current will force 
along, from great diftances, quantities of matter, 
which will fubfide between the hills, and, at the 
fame time, fcoop out a valley with correfponding 
angles at their foundation. Now, by means of 
thefe different motions and fediments, the bot- 
tom of the ocean, though formerly fmooth, 
muft foon be furrowed, and interfperfed with 
hills and chains of mountains, as we actually 
find it at prefent. The foft materials of which 
the eminences were originally compofed, would 
gradually harden by their own gravity. Such 
of them as confifted of fandy and cryftalline 
particles, would produce thofe enormous malfes 
of rock and flint in which we find cryftals and 
other precious ftones. Others compofed of fto- 
ny particles mixed with fhells, give rife to thofe 
beds of lime-ftone and marble, in which vaft 
quantities of fea fhells are ftill found incorpora- 
ted. Laftly,all our beds of marble and chalk have 
derived their origin from particles of fhells mix- 

* Proofs^ art, XIII. 
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ed with a pure earth, collefted and depofited at 
particular places in the bottom of the fea. All 
thefe fubftances are difpofed in regular ftrata ; 
they all contain heterogeneous matter, and vaft 
quantities of fea-bodies fituated n^rly in pro- 
portion to their fpecific gravities. The lighter 
fhells are found in chalk ; the heavier in clay 
and lime-ftone. Thefe Ihells are uniformly fill- 
ed with the matter in which they are found, 
whether it be ftone or earth. This is an incon- 
teftible prpof, that they have been tranfported 
along with the matter that fills and furrounds 
them, and that this matter was then in the form 
of an impalpable powder. In a word, all thofe 
fubftances, the horizontal fituation of which has 
arifen from the waters of the fea, invariably pre- 
ferve their original pofition. 

It may here be objedted, that moft hills, the 
fiimmits of which conlift of folid rocks, or of 
marble, are founded upon fmall eminences, 
compofed of lefs heavy materials, fuch as clay 
or light fand, the ftrata of which commonly 
extend over the neighbouring plains. If the 
above theory be juft, what could bring about an 
arrangement lb fmgular fo contrary, to the laws 
of gravity ? But this phaenomenon admits 
of a "natural and eafy explication. The v/a- 
ters would operate firft upon the upper ftra- 
turn either of coafts or the bottom of the fea : 
'J’his upper ftratum confifts generally of clay or 
fand j and thefe light fubftances, beii^g carried 

off 
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ofF and depofited previous to the more denfe and 
Iblid, they would of courfe form fmall eminen- 
ces, and become foundations for the more hea- 
vy particles to reft upon. After the light fuper- 
ficial fubftai^s were removed, the harder and 
more ponderous would next be fubjeifted to the 
attrition of the water, reduced to a fine powder, 
and carried off and depofited above the hillocks 
'of fand or clay.' Thele fmall ftony particles 
would, in a fucceffion of ages, form thofe folid 
' rocks which we no'ff find on the tops of hills 
and mountains. As particles of ftone are heavier 
than fand or clay, it is probable that they were 
originally covered and preflTed by fuperior ftrata 
of confiderdble depth j but that they now oc- 
cupy the higheft ftations, becaufe they were laft 
tranfported by the waves. 

To confirm this reafoning, let us inveftigate 
more minutely the fituation of thofe materials 
which compofe the fuperficial part of the globe, 
the only part of which we have any adequate 
knowledge. The different ftrata of ftones an 
quarries are almoft all horizontal, or regularly in- 
clined. Thofe founded upon hard clay, or 
other folid matter, are evidently horizontal, 
eipcciallyin plains. The difpofition of quarries, 
where flint or brownifh free-ftone are found in 
detached portions, is indeed lefs regular. But 
even here the uniformity of nature is not inter- 
rupted ; for the horizontal or regularly inclining* 
pofition of the ftrata is apparent in granite and 

brown 
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brown frec-ftone, wherever they exift in large 
conneded mafles. This pofition is univerfal, 
except in flint and brown free-ftone in fmall 
detached portions, fubftances the formation of 
which we ihall demonftrate to hav& been poflie- 
rior to thofe juft now mentioned. Tfhe ftrata of 
granite, vitrifiable fand, days, marbles, calcare- 
ous ftones, chalk, and marls, are always pa- 
rallel or equally inclined. In thefe the original 
formation is eafily difcovcrable ; for the ftrata 
are exadly horizontal, and very thin, being 
placed above each other like the leaves of a book. 
Beds of fand, of foft and hard clay, of chalk, 
and of Ihells, are likewife either horizontal or 
uniformly inclined. Strata of every kind pre- 
ferve the fame thicknefs through their whole ex- 
tent, which is often many leagues, and might, by 
proper obfervations, be traced ftill farther. In 
a word, the difpofition of ftrata, as deep as man- 
kind have hitherto penetrated, is the fame. 

Thofe beds of fand and gravel which are 
wafhed down from mountains, muft, in fome 
meafure, be excepted from the general rule. 
They are fometimes of a confiderable extent in 
valleys, and are fituated immediately under the 
foil or firft ftratum. In plains, they are level, 
like the more antient and interior ftrata. But 
near the bottom, or upon the ridges of hills, 
they have an inclination correfponding to that 
of the ground upon which they have been de- 
pofited. As thefe beds of fand and*'gravel are 
4 formed 
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formed by rivers and brooks, which, efpecially ia - 
tlie valleys, often change their channels, it is not 
furprifmg that fuch beds fhould be fo frequent. 
A fmall rivulet is fufficient, in a courfe of time, 
to fpread a 4)ed of fand or gravel over a very 
large valley. . In a champaign country, furround- 
ed with hills, whofe bafes, as well as the upper 
^ratum of the plain, confifted of a hard clay, I 
iiave crften obferved, that, above the origin of 
the brooks or rivers, the clay was fituated imme- 
diately under the vegetable ftratum ; but, in the 
low grounds, there was a ftratum of fand, about 
a foot thick, above the clay, and extending to a 
great diftante from the banks of the rivers. The 
ftrata formed by rivers are not very antient; they 
are eafily diftinguifhed by their frequent inter- 
ruptions, and the inequality of their thicknels. 
But the antient ftrata uniformly preferve the 
fame dimenfions through their whole extent. 
Befides, thefe modern ftrata may be diftinguifh- 
ed, with certainty, by the form of the ftones and 
gravel they contain, which bear evident marks 
of having been rolled, fmoothed, and rounded, 
by the motion of water. The fame obfervation 
may be made with regard to thofe beds of turf, 
and corrupted vegetables, which are found in 
marfhy grounds, immediately below the foil: 
They have no claim to antiqukFy, but have de- 
rived their exiftence from fuccellive accumula- 
tions of decayed trees, and other plants. The 
ftrata of flime, or mud, which occur in many 

places. 
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places, are alfo recent produdtions, forn'.ed by 
ftagnating waters, or the inundations of rivers. 
They are not fo exadily horizontal, nor fo uni- 
formly inclined, as the more antient ftrata, pro- 
duced by the regular motions of the Tea. In 
ftrata formed by rivers, we meet with river, 
but feldom with fea-fliells ; and the few which 
occur are broken, detached, and placed without 
order. But, in the antient ftrata, there are no' 
river-fhells ; the fea-fliells are numerous, well 
preferved, and all placed irf the fame manner, 
having been tranfported and depoftted at the 
fame time, and by the fame caufe. From 
whence could this beautiful regularity proceed ? 
Inftead of regular ftrata, why do we not find 
the matters compofing the earth huddled to- 
gether without order? Why are not rocks, 
marbles, clays, marls, &c. fcattered promifeu- 
oufly, or joined by irregular or vertical ftrata? 
Why are not heavy bodies uniformly found in 
a lower fituation than light ones ? It is eafy to 
perceive, that this uniformity of nature, this 
fpecies of organization, this union of different 
materials by parallel ftrata, without regard to 
their weights, could only proceed from a caufe 
equally powerful and uniform as the motions 
of the fea, produced by regular winds, by the 
tides, &c. 

Thefe caufes aft with fuperior force under 
the equator than in other climates; for there 
the tides are higher, and the winds more uni- 
form. 
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form. The moft extenfive chains of mountains 
are likewife in the neighbourhood of the equa- 
tor. .I’he mountains of Africa and Peru are 
the higheft in the world, often extending 
through whole continents, and ftretching to 
great diftances under the waters of the ocean. 
The mountains of Europe and Alia, which ex- 
pend from Spain to China, are not fo elevated 
as thofe of Africa and South America. Accord- 
ing to the relations of voyagers, the mountains 
of the north are butffmall hills, when compared 
with the mountains of the equatorial regions. 
Belides, in the northern feas, there arc few 
iflands ; bift, in the Torrid Zone, they are in- 
numerable. ’ Now, as iflands are only the fum- 
raits of mountains, it is apparent, that there are 
more Inequalities on the llirface of the earth 
near the equator, than in northerly climates. 

Thofe prodigious chains of .mountains wdiich 
run from weft to eaft in the Old Continent, and 
from north to fouth in the New, muft have been 
formed by the general motion of the tides. But 
the origin of the lefs conflderable mountains 
and hills muft be aferibed to particular mo- 
tions, occafioned by winds, currents, and other 
irregular agitations of the fea : TheirTormation 
may, indeed, be owdng to a combination of all 
thefe motions, which arc capable of infinite va- 
riations ; for the winds, and the fituation of 
different iflands and coafts, conftantly change 
the natural courfe of the tides, and oblige them 

to 
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to run in every poffible diredlion. It is not, 
therefore, furprifing to fee confiderable eminen- 
ces which have no determined diredlion in their 
courfes. But, for our prefent purpofe, it is fuf- 
ficient to have fhown, that mountains have not 
been produced by earthquakes, or other acci- 
dental caufes, but that they are effeds equally 
refulting from the general laws of nature, ar, 
well as their peculiar ftrudure, and the lituatioii 
of the materials of which they are compofed. 

But how has it happerled, that this earth, 
which we and our anceftors have inhabited for 
ages, which, from time immemorial, has been 
an irnmenfe continent, dry, compad, and re- 
moved from the reach of the water, fhould, if 
formerly the bottom of an ocean, be now ex- 
alted to fuch a height above the waters, and fo 
completely feparated from them ? Since the wa- 
ters remained fo long upon the earth, why have 
they now deferted it ? What accident, what 
caufe, could introduce a change fo great ? Is it 
poffible to conceive a caufe poffieffed of power 
fufficient to operate fuch an amazing effed ? 

Thefe are difficult queftions. But, as the 
fads are incontrovertible, the precife manner 
in which ‘they have happened may remain a fe- 
cret, without prejudice to the conclufions that 
ought to be drawn from them. A little re- 
fiedion, however, will furnilh us at leaft with 
plaufible folutions *, We daily obferve the fea 

* See -proofs, art. XIX. 
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gaining ground on certain coafts, and lofing it 
on others. We know, that the ocean has a 
general and uniform motion from eaft to weft ; 
that it makes violent efforts againft the rocks 
and the low grounds which encircle it ; that 
there are whole provinces which human induf- 
try can hardly defend from the fury of the 
waves ; and that there are inftances of iflands 
which have but lately emerged from the waters, 
and of regular inundations. Hiftory informs 
us of inundations and deli'ges of a more cxten- 
five nature. Should not all thefe circumftances 
convince us, that the furface of the earth has 
experiencecT very great revolutions, and that the 
fea may have adiually given up poffeffion of 
the greateft part of the ground which it for- 
merly occupied ? For example, let us fuppofe, 
that the Old and New worlds were formerly but 
one continent, and that, by a violent earth- 
quake, the antient Atalantis of Plato was funk. 
What would be the confequence of fuch a 
mighty revolution ? The fea would neceffarily 
rufh in from all quarters, and form what is 
now called the Atlantic Ocean ; and vaft con- 
tinents, perhaps thofe whicTi we now inhabit, 
would, of courfe, be left dry. This great revo- 
lution might be effe<fted by the fudden failure 
of fome immenfe cavern in the interior part of 
the globe, and an univerfal deluge would infal- 
libly fticceed. I ftiould rather incline to think, 

that 
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that fuch a revolution would not be fuddeftly 
•accompliflied, but that it would require a very 
long period. However thefe conjedtures ftand, 
it is certain, that fuch a revolution has happened, 
aad I even believe that it happened naturally ; 
for, if a judgment pf the future is to be formed 
from the paft, we have only to attend carefully 
to what daily palTes before our eyes. It is a fadl^ 
eftabliflied by the repeated obfervation of voya- 
gers, that the ocean has a conftant motion from 
eaft to weft. This motion, ‘like the trade-winds, 
is not only perceived between the tropics, but 
through the whole temperate climates, and as 
near the poles as navigators have been able to 
approach. As a necelTary confeqiience of this 
motion, the Pacific Ocean muft make continual 
efforts againft the coafts of Tartary, China, and 
India ; the Indian Ocean muft adl againft the 
eaft coaft of Africa ; and the Atlantic muft ait 
in a firnilar manner againft all the eaftern coafts 
of America. Hence the fea muft have gained, 
and will always continue to gain, on the eaft, and 
to lofe on the weft. This circumftance alone 
wroulcl be fufficient to prove the poffibility of the 
change of fea into land, and of land into fea. If 
fuch is the natural effedt of the fea’s motion from 
eaft to weft, may it not reafonably be fuppofed, 
that Afia, and all the eaftern continent, is the 
moft antient country in the world ? and that Eu- 
rope, and part -of Africa, efjjecially the weft parts 
of thefe continents, as Britain, France, Spain, &c. 

are 
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Are countries of a more recent date ? Both hif*- 
tory and phyfics concur in eftablifhing this hy*- 
pothefisi 

Bur, befide the conftant motioh of the fea 
from eaft to weft, other Caufes concur in produ* 
cing the effect juft mentioned. There are many 
lands lower than the level of the fea, and are de- 
fended by a narrow ifthmus of rock only, or by 
ianks of ftill weaker materials; The a£kion of 
the waters muft gradually deftroy thefe barriers ; 
and, confequently, fwch lands muft then become 
part of the ocean. Befides, the mountains are 
daily diminiftiing, part of them being conftantly 
carried down to the valleys by rains. It is like- 
wife well knbwn, that every little brook carries 
earth, and other matters, from the high grounds 
into the rivers, by which they are at laft tranf- 
ported to the ocean. By thefe means the bot- 
tom of the fea is gradually filling up, the fur- 
face of the earth is approaching to a level, and 
nothing but time is wanting for the fea’s fuccef- 
fively changing places with the land. 

I fpeak not here of caufes removed beyond 
the fphere cf our knowledge, of thole convul- 
fions of nature, the flighteft effort of which 
Would be fatal to the globe. The near approach 
of a comet, the abfence of the moon, or the in- 
troduction of a new planet into the fyftem, &c. 
are fuppofitions uporx which the imagination 
may rove at large. Caufes of this kind will 
produce any effect we choofe* From a finglc hy- 

VOL. I, C pothefis 
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pothefis of this nature, a thoufand phyfical ro- 
mances naight be coinpofed, and their authors 
might dignify them with the title of Theory of 
the Earth. As an hiilorian, I reject thefe vain 
fpeculations : They depend upon mere poffibili- 
ties, which, if called into a;3:ion, neceffarily im- 
ply fuch a devaftation in the univerfe, that our 
globe, like a fugitive particle of matter, efcapes 
obfervation, and is no longer worthy of otr 
attention. But, to give confiftency to our ideas, 
wc mufl; take the earth as j.t is, examine its dif- 
ferent parts with minutenefs, and, by induftion, 
judge of the future, from what at prefent exifts. 
We ought not to be aftedled by ^caufes which 
ieldom adi, and whofe adtion is always fudden 
and violent. Thefe have no place in the ordi- 
nary courfe of nature. But operations uniform- 
ly repeated, motions which fucceed one another 
without interruption, are the caufes which alone 
ought to be the foundation of our reafoning. 

Some examples fliall be given : We fl^all com- 
bine particular elFedls with general caufes, and 
give a detail of fadls, which will illuttrate and 
explain the different alterations that the earth 
has undergone, whether by irruptions of the fea 
upon the laud, or by the fea’s retiring from 
lands which it formerly covered. 

That irruption which gave rife to the Medi- 
terranean * is undoubtedly the greateft f. The 

♦ Proofs, art. Xf. and XIX, f Ray's Difeourfes, 

p» 2og. ; Plot. Hift. Nat. &c. . " 
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ccean runs with prodigious rapidity through a 
narrow paffage between two promontories and 
then forms a vaft fea, which, exclufive of the 
Black Sea, is about feven times larger than the 
kingdom of France. The motion through the 
Straits of Gibraltar is contrary to the motion in 
every other ftrait. The general motion of the 
fea is from eaft to weft ; but, in the Straits of 
Gibraltar, it is from weft to eaft ; an incontef- 
tible proof, that the Mediterranean Sea is not an 
ancient gulf, but thA it has been formed by an 
irruption, produced by fome accidental caufe, 
fuch as an earthquake fwallowing up the bar- 
rier, or a violent effort of the ocean, occafiohed 
by the wind,* and forcing its way through the 
bank between the two promontories of Gibral- 
tar and Ceuta. This opinion is fupported by the 
tcftimony of the ancients 'j', who inform us, that 
there was a time when the Mediterranean had 
no exiftence. It is likewife confirmed by na- 
tural hiftory, and by obfervations upon the ftra- 
ta on the oppofite coafts of Africa and Spain, 
where, as in neighbouring mountains, the beds 
of earth and ftone are precifely the fame at 
equal levels. 

When the ocean forced this paffage, it ran 
through the Straits with much more rapidity 
than at prefent, and inftantly deluged that large 
tradl of land which formerly joined Europe to 

* Phil. Tranf. abridged, vol. 2. p. 289. t Diodorus 

’ Siculus, Strabo. 
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Africa. The waters covered all the grounds 
which were lower than the level of the ocean ; 
and no part of them is now to be feen, except 
the tops of fome of the mountains, fuch as part 
of Italy, Sicily, Malta, Corfica, Sardinia, Cy- 
prus, Rhodes, and the iflands of the Archipe- 
lago. 

I have not mentioned the Black Sea as an ef- 
fect of this irruption ; becaufe the quantity df 
water it receives from the Danube, the Nieper, 
the Don, and other rivers^ is more than fuffi- 
cient both to form and fupport this fea. Befides, 
it runs with great rapidity through the Bofpho- 
rus into the Mediterranean It^ay even be 
fuppofed that the Black and Cafpian Seas were 
only two large lakes, which were perhaps join- 
ed by a narrow communication, or rather by a 
morafs, or finall lake, uniting the Don and the 
Wolga about Tria, where thefe two rivers run 
very near each other. It is like wife probable, 
that thefe two feas, or lakes, were formerly of 
a much greater extent ; for the large rivers 
which fall into the Black and Ca/pian Seas muft 
have gradually brought down a quantity of earth 
and fand fuflicient to flop up the communication, 
and to form that neck of land by which thefe 
two feas are divided. We know, that large ri- 
vers, in a courfc of time, block up feas, and form 
new lands, as in the province at the mouth of 
the Yellow River in China ; Louifiana at the 

• Phil. Tranf, abridged, vol. 3. p. 289. 
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mouth of the Mlflifippi j and the northern part 
of Egypt, which derived its exiftence * from 
the inundations of the Nile f . Sueh quantities 
of earth are brought dow'n, by the rapidity of 
the Nile, from the interior parts of Africa, and 
depofited during the inundations, that you may 
dig fifty feet deep before you can reach the bot- 
tom of the flime and mud. Louifiana, and the 
province of the Yellow River, have, in the fame 
manner, been originally formed by the flime of 
rivers. * 

Farther, the Cafplan Sea is a real lake. It has 
no communication with any other fea, not even 
with the Lakt Aral, which appears to have been 
a part of it,* being only feparated by a large 
tradl of fand, in which neither river nor canal 
for carrying off the waters have been difeovered. 
This fea, therefore, has no external communica- 
tion with any other ; and I doubt much if there 
is any reafon to fufpeA a fubterraneous commu- 
nication with the Black Sea, or with the Gulf 
of Perfia. The Gafpian, it is true, receives the 
Wolga, and feveral other rivers, wdiich appear 
to furnifli as much water as is loft by evapora- 
tion. But, independent of the difficulties attend- 
ing filch calculations, if it communicates with 
any other fea, a uniform and rapid current to- 
wards the place of communication would be an 
infallible confequence ; but nothing of this kind 
has yet been difeovered. Travellers of the beft 

• Shaw’s Travels. t Proofs, art. XIX. 
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credit aflure us of the contrary. We, therefore, 
conclude, that the Cafpian Sea receives juft as 
much water from the rivers and clouds as it lofes 
by evaporation. 

It is not improibable, that the Black Sea will, 
in time, be entirely divided from the Mediter- 
ranean ; and that the Bolphorus will be chok- 
ed up, whenever the rivers (hall have accumu- 
lated a fufficient quantity of materials to bring 
about that efFeifl;^ Jt is impoffible to fix the 
sera of this event; but tifne, and the diminu- 
tion of waters in rivers, in proportion as the 
mountains are lowered by the caufes mentioned 
above, will one day exhibit this |!»hxnomenon 
to the world. 

The Cafpian and Black Seas fhould, there- 
fore, be confidered rather as lakes than as gulfs 
of the ocean ; becaufe they exadly refemble 
other lakes which receive a number of rivers 
without any vifible outlet, as the Dead Sea, fe- 
veral lakes in Africa, and elfewhere. Befides, 
the faltnefs of thefe two feas is not nearly equal 
to that of the Mediterranean or of the ocean ; 
and, it is an agreed point, that the navigation 
in the Cafpian and Black Seas, on account of 
their numberlefs Ihoals, rocks, and banks, is fo 
extremely hazardous, that fmall veflels only can 
be ufed in them with fafety. This circumftance 
farther proves, that thefe feas ought not to be 
confidered as gulfs of the ocean, but as vaft col- 
ledions of water amaffed by large rivers. 


If 
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If the ifthmus which feparates Africa from 
Afia were cut, it woulih rieceflarily create a great 
irruption of the ^ea upon the land. Tliis junc- 
tion was formmy projeded by the Kings of E- 
gypt, and adopted fmee by the Califs. I doubt 
whether the pretended communication between 
the Red Sea and Mediterranean be fufliciently 
eftabliflied. The Red Sea is a narrow branch of 
{he ocean : Through its whole extent, not a 
jingle river runs into it the Egyptian fide, 
and very few from fhe oppofite. This fea will 
not, therefore, be fubjedt to diminution, like 
thofe feas or lakes wdiich are adlually impaired 
by the flimfc and land brought down by large 
rivers. The Red Sea receives all its waters di- 
rcdlly from the ocean, and the motion of the 
tides in it are very dil'cernible ; of courfe, it muft 
be affedled by the general motions of the ocean. 
The Mediterranean, on the other hand, muft 
be lower than the ocean ; becanfe the current 
through the Straits is exceedingly rapid. Be- 
lides, it receives the Nile, which runs parallel to 
the weft coaft of the Red Sea, and pafles through 
the longeft extent of Egypt, which is a very low 
country. From thefe circumftances, it is at leaft 
probable, that the Red Sea is higher than the 
Mediterranean, and, confequently, that, if the 
ifthmus of Suez were cut, a great inundation, 
and a confiderable augmentation of the Mediter- 
ranean, would enfue ; efpecially if the waters 
were not reftrained by dikes and flukes, placed 
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at proper diftarices. This precaution vv'as pro- 
bably ufed, if ever the ancient canal fubfifted. 

, But, not to li^end time on conjectures, which, 
however well founded, may ^rhaps appea'r 
ralh, we ihall give forae certain and recent ex- 
amples of the changes of fea into land, and of 
land into fea*. At Venice, the bottom of the fea 
is conftantly rifing : If the canals had not been 
carefully kept clean, the moats and city would, 
long ere now, have formed a part of the conti- 
nent. The fame thing may*be faid of moft har- 
bours, bays, and mouths of rivers. In Holland, 
the bottom of the fea is elevated in many places ; 
the gulf of Zudei'zee and the ftraitsof the Tex- 
el cannot receive fuch large veffels as formerly. 
At the mouth of almoft every river, we find fmall 
iflands, and banks of earth and fand brought 
down from the higher grounds ; and it is in- 
controvertible, that the fea is conftantly dam- 
med up, wherever great rivers empty themfelves. 
The Rhine is loft in the fands v:hich itfelf has 
accumulated. The Danube, the Nile, and all 
large rivers, after having tranfported great quan- 
tities of llirae, fand, &c. never more arrive at 
the Tea by a Tingle channel ; they fplit into 
branches, the intervals of which confift of the 
materials which they themfelves have tranfporN 
ed. Marfhes are daily drained ; lands, aban- 
doned by the fea, are now plowed and fown j we 
pavig4te whole countries now covered by the 
? Proofs, art, XI>y. 
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waters ; in a word, we fee fo many inflances of 
land changed into water, and water into land, 
that we muft be convinced of the continual, 
though flow, progrefs of fuch changes in all 
places. Hence the gulfs of the ocean will in 
time become continents ; the illhmufes will be 
changed into ftraits; and the tops of the moun- 
tains will be metamorphofed into Ihoaly rocks 
lin the fea. 

The waters, therefore, have covered, and may 
ill cover, every paft of the earth which is now 
dry. Hence our aftoniftiment at finding the pro- 
du<3;ions of the fea difperfed every where, and a 
cpmpofitiom of bodies, which could not be ef* 
fedled by any other means than the operation of 
the waters, ought for ever to ceafe. We have 
already explained how the horizontal ftrata of 
the earth were formed. But thofe perpendicular 
fiffures, which are equally diffufed through rocks, 
clays, and every conftituent material of the globe, 
remain to be confidered. The perpendicular fif- 
fures are indeed placed at greater diftances from 
each other than the horizontal j and the fofter 
the matter, the more diftant are the fifliires. , In 
marble and hard ftohe, the perpendicular fiffures 
are only a few feet afunder. If the mafs of rock 
be extenfive, the diftance betwixt the fiffures is 
forhe fathoms; Sometimes they extend from the 
fummit to the bafe of the rock, and fometimes 
they terminate after arriving at a horizontal tif- 
fure. They are uniformly perpendicular in the 

ffrata 
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ftrata of. all calcareous fubftances, as chalk, 
marls, marble, &c. But they are more oblique, 
and lefs regularly fituated, in vitrefcent bodies, 
brown free-llone, and rocks of flint, where they 
are often adorned with cryftals and other mi- 
nerals. In quarries of marble, or of calcareous 
Hone, the fiflures are filled with fpar, gypfum, 
gravel, and an earthy fand, which contains a 
confiderable portion of chalk. In marls, and 
every other fpecies of earth, except fand-ftone, 
the perpendicular fiffures a^e either empty, or 
filled with fuch matters as have been tranfported 
thither by water. 

The caufe of perpendicular fifluifes is eafily 
inveffigated. As the various materials which con- 
ftitute the dififerent ftrata were tranfported by 
the waters, and depofited in the form of fedi- 
ments, they would- at firft be in a very diluted 
ftate, and would gradually harden and part with 
the fuperfluous quantity of vvater they contained. 

‘ In the proccfs of drying, they would naturally 
contraft, and of courfe fplit at irregular dif- 
tances. Thefe filfures neceffarily afTumed a per- 
pendicular diredion ; becaufe, in this diredion, 
the adion of gravity of one particle Upon 
another is equal to nothing ; but it ads dired- 
ly oppofite in a horizontal lituation : The di- 
..minution in bulk could have no fenfible effed: 
but in a vertical line. I fay, the contradion of 
the parts in drying, not th^ contained water 
forcing an iflfue, as has been alleged, is the caufe 

of 
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of perpendicular fiflures; for i^have often re- 
marked, that the fides of thefe fiflures, through 
their whole extent, correfpond as exadly as the 
two fides of a fplit piece of wood. Their fur- 
faces are rude and irregular. But, if they had 
taken their rife from the motion of water, they 
would have been fmooth and polilhed. Hence 
thefe filTures muft have been produced, either 
fuddenly or gradually, by drying and contrad- 
Ing, like the cracks and fiflures in green wood ; , 
and the greateft plrt of the w^ater the bodies 
contained muft have evaporated through the 
pores. In the chapter upon minerals, we Ihall 
demonftrat^ that fome part of the original wa- 
ter ftill remains in ftones and feveral other fub- 
ftances; and that cryftals, minerals, and fome 
other bodies, owe their exiftence to this water. 

Perpendicular filTures vary greatly as to the 
extent of their openings. Some are about half 
an inch, or an inch, others a foot, or two feet j 
fome extend feveral fathoms, and give rife to 
thofe vaft precipices which fo frequently occur 
between oppofite parts of the fame rocks in the 
Alps and other high mountains. It is plain, 
that the filTures, the openings of which are frnall, 
have been occafioned folely by drying. But 
thofe which extend feveral feet are partly ow- 
ing to another caufe; namely, the finking of 
the foundation upon one fide, while that of the 
other remained firpi. If the bafe finks but a line 
or two, when the height of the rock is confider- 

ahle. 
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able an opening of fevcral feet, or even fa- 
thoms, will be the confequence. When rocks 
are founded on clay or fand, they fometimes flip 
a little to a fide; and the fiilures are of courfe 
augmented by this motion. I have not hither- 
to mentioned chofe large openings, thofe prodi- 
gious cuts, which are to be met with in rocks and 
mountains: Thefe could not be produced by 
any other means than the finking of immenfe 
fubterraneous caverns which were unable longer ' 
tp fuftain their incumbent load. But thefe cuts ' 
or intervals in mountains are not of the fame 
nature with perpendicular fiffures : They ap- 
pear to have been ports opened by the hand of 
nature for the communication of nations. This 
feems to be the intention of all large openings 
in chains of mountains, and of thofe ftraits by 
■which different parts of the ocean are connetfl- 
ed; as the Straits of Thermopylae, of Gibral- 
tar, &c. ; the gaps or ports in Mount Caucafus, 
the Cordeliers, &c. A fimple feparation, by the ' 
drying of the matter, could not produce this ef- 
fect: Large portions of earth muft have been 
funk, fwallowed up, or thrown down^. 

Thefe great finkings, though occafioned by 
accidental and fecondary caufesf, are leading 
fails ip the hiftory of the earth, and have con- 
tributed greatly in changing the appearance of 
its furface. Moft of them have been produced 
by fubterraneoiis fires, the explofions of which 

•Proofs, art XVII. t IWd. 
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give rife to earthquakes and volcano’s, Th'e 
force of. inflamed matter, fliut up in the boweJS 
of the earth, is irrefiftible *. By the action of 
fubterraneous fires, whole cities have been fwal- 
lowed up, mountains, and large tradts of coun- 
try, have been overturned and rendered nnfit 
for the habitation of men. But, though this 
force be great, thoii^i its elfeds appear to be 
rodigious, we cannot aflent to* the opinions of 
^bme authors, who fuppofe that thefe fubterra- 
neous fires are only branches of an iramenfe 
abyfs of flame in the centre of the earth. Nei- 
tlier do we credit the common notion, that thefe 
fires have t^eir feat at a great depth below the 
furface ; foi* matter cannot begin to burn, or at 
leafl; the inflammation cannot be fupported, with- 
out air. In examining the materials which ifliie 
from volcano’s, even in their moft violent erup- 
tions, it is eafy to perceive that the furnace is not 
very deep, and that the inflamed fubftances are 
the fame with thofe on the top of the mountain, 
Gfily disfigured by calcination and the melting 
of the metallic particles they contain. To be 
cotwinced that the matters thrown out by vol- 
cano’s come not from any confiderable depth, 
we need only attend to the height of the moun- 
tain, and confider the immenfe force which 
would be neceflary to projedt ftones and mine- 
rals to the height of half a league ; for .^tna, 

* Agricola de rebus quae effluunt e terra. Phil. TxanC 
irbrid. vol. ii. p. 391. Ray’s Dlfcourfes, p. 272. 
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Hecla, and other volcano’s, have at leaft that 
elevation. 

Now, it is well known that fire afls equally^ 
on all fides j it cannot, therefore, adl - upwards 
with a force fufficient to throw large ftone's half 
a league high, without an equal re-a£tion on 
the bafe and fides. But the fide^ of nne moun- 
tain would very foon be pierced and blown to 
pieces by this re-adion ; becauf^ tlw material^Si 
of which it confifts arc not more dettfe or firm 
than thole which are projeded. How, then, can 
it be imagined, that the cavity, which muft be 
confidered as the tube or cannon, could poflibly 
refill a force neceflary to raife fiich ^jeavf bodies 
to the mouth of the volcano ? Befihes, %ippofe 
the cavity deeper, as the external orifice is not 
great, it would be impofiiblc for fw large a 
quantity of liquid and burning matters to ifliie 
forth at a time, without clalhing a^inft each 
other, and againft the irregular fides of the ca- 
vity; and, in palling through fo long a fpace, 
they would be in danger of cooling and con- 
gealing. Rivers of melted fulphur and bitu- 
men, projeded from volcano’s along with ftones 
and minerals, run from the tops of the moun- 
tains into the plains. Is it natural to think, 
that matter fo fluid, fo little able to refill violent 
adiq^, could be projeded from a very great 
de^h ? Every obfervation which can be made 
onsthis fubjed will tend to prove, that the fire 
in volcano’s is nqt very diftant from the tops of 
0 the 
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the mountains, and never defcends fo low as 
the level of the plains 

This account of volcano’s, however, is not 
inconfiftent with their being the caufe of confi- 
derable earthquakes ; neither does it contradidt 
the communication of one volcano with an- 
other, by means of fubterraneous palTages 'f'. But 
the depth of the furnace is the objedt of our 
prefent inveftigation ; and it cannot be very dii- 

I /ant from tJie mouth of the volcano. To pro- 
duce an earthquake^ in a plain, it is not neceflary 
that the bottom of the volcano fliould be below 
the leve|^of that plain, nor that there fliould be 
fubterraneous cavities filled with the fame burn- 
ing mattei^i under the plain. A violent explo- 
fion, with which eruptions are uniformly ac- 
companiejl, may, like that of a powder-maga- 
zine, give fuch a concuflion as to produce, by 
its re-adlion, an earthquake of confiderable ex- 
tent. 

I mean not to fay that there arc no earth- 
quakes which derive their exiftence from fub- 
terranean fires ij: ; but that there are earthquakes 
produced folely by the explofion of volcano’s. 
In confirmation of what has been faid upon this 
fubjedl, volcano’s feldom or never appear in 
plains j on the con trary, their mouths, or cra- 
ters, are always found on the tops of the high- 
efl mountains. If the fubterraneous fire of 

* Borelli de incendiis f Phil. Tranf. abridged, 

vol. ii. p. 39a. I Proofs, art. XVI. 
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Tolcano’a ftretched below the plains, would ucit 
new paflages be opened there during violent 
eruptions, rather than in the tops of the moun- 
tains, whete the refiftancei is greater ? In thfe 
firft eruptionj would it riot have been eafier to 
pierce a plain, than a mountain of half a league 
in height ? , • , 

It is not difficult to difcover the reafon why 
volcano s appear only in^ mountains. Greater 
quantities of minerals^ fulphuri arid pyrites, exV 
ill in mountains, and ncareii the furface, than iris 
plains. The mountains have likewife this far- 
ther advantage ; they are more fubjedl to the 
impreffions of the air, and receive nrnre rain and 
moifture, by which mineral fubftances are ca- 
pable of being fermented to fuch a degree as to 
produce actual inflammation. 

To conclude, it has often been obferved, that, 
after violent eruptions, the mountains have funk 
and diminilhed, nearly in proportion to the 
quantity of matter thrown out, which is an- 
other proof that volcano’s are not fo deep as the 
bafe of the mountains, and even that they are 
not much below the fummit. 

In many places, earthquakes have formed 
confiderable hollows, and even fome large gaps, 
in mountains. All other inequalities are coeval 
with the mountains themfelves, and owe their 
ejtj^ence to currents in the ocean ; for, in every 
place which has not been difturbed hy accident- 
al convulfions, the ftrata of mountains are pa- 
rallel 
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Hllel, and their angles correfpond It is not 
difficult to diftinguifh fubterraneous caverns and 
excavations formed by volcano’s, from thofe 
prpduced by water. The latter coi^fl only of 
Iblid rocks, the fand and clay with which they 
were formerly filled being carried off by the 
wafer,, which is the origin of caverns in hills ; 
for thofe found in plains are commonly nothing 
but old pits and- quarries, like the falt-quarries 
(•it Maeftricht, the mines of Poland, &c. But 
natural caverns are, proper to the mountains * 
the fummit, or higher parts, furnifh them with 
water, which afterwards ifliies out to the fur- 
face wherever it can find a paflage. Thefe 
caverns are\he fources of fprings and rivers* 
When a large cavern of this kind is fuddenly 
filled up by the falling of its roof, an inunda- 
tion is generally the confequence f . 

From thefe fadls, it is eafy to perceive how 
much fubterraneous fires have contributed to 
change both the furface and internal part of the 
globe. This caufe has power fufiicient to pro- 
duce very great effedls. But it is diflScult to 
conceive how any fenfible alterations upon- the 
land can be introduced by the winds Their 
dominion would appear to be confined to the 
fea. Indeed, next to the tides, nothing has fuch 
a powerful influence upon the waters ; the flux 
and reflux proceed with an uniform pace ; their 

• Proofs, art. XVII. t Tranf. abridged, vol. Ji. 
p, 34J. J Proofs, art. XV. 
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operations are always the fame ; but the a^hM 
of the winds is capricious and violent. They 
rulh on with irrefiftible fury, and excite fuch 
impetuous commotions^ that the ocean, from a 
fmooth and tranquil plain, in an inftant is fur- 
towed with waves which emulate the height of 
mountains, and daih themfelves in pieces againfr 
the fliores. The furface of the ocean is fubjedfe 
to conftant alterations from the winds. But, 
ought not the furface of the land, which has fb 
foHd an appearance, ever to^remain uninfluenced 
by a caufe of this kind ? It is confonant to ex- 
perience, however, that the winds raife moun- 
tains of fand in Arabia and Afri(jia ; that they 
overwhelm large plains with it j and that they 
frequently carry thefe fands many leagues into 
the fea, where they accumulate in fuch quanti- 
ties as to form banks, downs, and even iflands 
it is alfo well known, that hurricanes are the 
fcourge of the Antilles, of Madagafcar, and of 
other countries, where their impetuoflty is fo 
great, that they fweep jfway trees, plants, and 
animals, together with the foil which nouriflied 
them. They drive back, they annihilate, rivers, 
and produce new ones ; they overthrow rocks 
and mountains j they fcoop out holes and gulfs 
in the earth, and totally change the face of 
^liofe unhappy countries Which give birth to 
them. Happily, few climates are expofed to 

* Beliarmin, de afcen. mentis in Deum. Varen, Geog. 
p. 282. Voyag. dc Pyrard> tom. i. p. 470. 
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the violence of thofe dreadful agitations of the 
air. ' 

But the greateft changes upon the furface of 
the earth are occafioned by rains, rivers, and tor- 
rents from the mountains. Thefe derive their 
origin from vapours raifed by the fun from the 
furface of the .ocean, and are tranfported by the 
winds through every climate. The progrefs of 
, thefe vapours, which are fupported by the air, 
and tranlported at the pleafure of the winds, is 
interrupted by the t®ps of the mountains, where 
they accumulate into clouds, and fall down in 
the form of rain, dew, or fnow. At firft, thefe 
waters defc^nded into the plains without any 
fixed courfe* j but they gradually hollowed out 
proper channels for themfelves. By the power 
of gravity, they ran to the bottom of the moun- 
tains, and, penetrating or diflblving the lower 
grounds, they carried along with them fand and 
gravel, cut deep furrows in the plains, and thus 
opened paflages to the fea, vrhich always receives 
as much water by rivers as it lofes by evapora- 
tion. The windings in the channels of . rivers 
have uniformly correfponding angles on tHeir 
oppofite banks ; and as mountains and hills, 
which may be regarded as the banks of the. val- 
leys by which they are feparated, have likewiie 
fmuofities with correijpondirig angles, this cir- 
cumftance feems to> dempnftrate, that the valleys 
have been gradually formed by currents of the 

Sm proofs, 4it. X. and XyUI. 
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ocean, in the fame manner as the channels of 
rivers have been produced. 

The waters which run upon the furface, and 
fuppdrt the verdure and fertility of the foil* 
compofe not perhaps one half of the quantity 
that is produced by vapour. Numberlefs veins 
of water fink deep into the bowels of the earth. 
In fome places, you are certain of obtaining 
water by digging; in others, none can be found., 
In almoft all the valleys and low grounds, at a 
certain depth, water is uniformly to be met 
with. But, in all high grounds, it is impoflible 
to extradf water from the bowels of the earth. 
It inuft be colledled from the hea^^jens. There 
are extenfive countries where no wells can be 
obtained : There men, and other animals, are 
fupplied with drink from cillerns and pools. In 
the call:, and efpecially in Arabia, Egypt, and 
Perfia, wells and fprings are great and valuable 
rarities. To fupjdy their place, the inhabitants 
have been obliged to make large refervoirs to 
colled the water that falls from the heavens. 
Thefe works, projeded and executed from public 
necelfity, confiitute the moil beautiful and mag. 
nificent monuments of the eaft. Some eaftern 
refervoirs have more than two fquare leagues of 
fuperficies, and fertilize whole provinces by 
nu^l^rlefs duds and canals let out from all fides. 

in plain countries, furniflied with large rif 
yltrs, it is impoflibte to break the furface of the 
earth without finding water. In camps fituated in 

the- 
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the neighbourhood of riversf, it often happens 
that every tent may have its own well^ by giv- 
ing a few ftrokes with a pick-^ax. 

Moft of the water, fo liberally diffufed through 
low grounds, comes from the neighbouring hills 
and eminences. During great rains, or the fud- 
den melting of fnow, part of the water runs 
upon the furface ; but moft of it penetrates the 
earth and rocks, by means of fmall chinks and 
fiflures. This water rifes again to the furface, 
whenever it can find an ififue; but it often drills 
through faffls, and creeps along till it finds a 
bottom of clay, or hard earth, and there forms 
fubterraneouj^ lakes, brooks, and perhaps riversi 
of which the channels are for ever buried in ob- 
livion. Subterraneous rivers, however, muft 
follow the general law of nature, and uniformly 
run from the higher to the lower ground. 
Their waters muft of courfe either fall at laft 
into the fea, or be collefted in fome low place, 
whether at the furface or in the bowels of the 
earth: For there are feveral lakes which neither 
receive nor give rife to any river. A ftill greater 
number receive no confiderable river, but are 
the fources of the largeft rivers on earth ; as the 
lakes from which the river ,Sti Lawrence iflues ; 
the lake Chiame, from which two large rivers 
arife, that water the kingdoms of Afem and 
Pegu; th^ lakes of Affiniboil in America; thofe 
pf Ozera in Mufcovy ; thofe that give rife to 
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the Bog and the Irtis, and many others*. It 
is plain, that thefe lakes muft derive their exift- 
ence from the waters of fuperior grounds, run- 
ning through fubterraneous paflages. Some, 
indeed, have affirmed, that lakes are to be met 
with on the tops of the higheft mountains. But 
this is incredible; for the lakes found on the 
Alps, and other elevated fituations, are all over- 
topped by higher mountains, and derive their 
origin from the waters which run down the 
Tides, or are filtered through the bowels of thefe 
fuperior eminences, in the fame nilfeiner as the 
lakes in valleys are fupplied. 

From this reafoning, the exiftence of fubter- 
raneous collections of water, efpecially under 
large plains, is apparent f : For mountains, hills, 
and heights of every kind, are expofed on all 
Tides to the weather. The waters which fall 
upon their fummits, and upon elevated plains, 
after penetrating the earth, mufi, from the de- 
tlivity of the ground, break out at many places 
in the form of Tpritigs and fountains: Of courfe, 
little water will be found in the bowels of moun- 
tains. But, in plains, as the water filtrated 
through the earth can find no iffue, it mull be 
collected in fubterraneous caverns, or difperfed 
in Tmall veins, among Tand and gravel. This is 
the c^in of the water To univerfally diffufed 
through low grounds. The bottom of a pit, or 
Tffell, is only a fmall artificial bafon, into which 
• Proofs, art. XI. f wt* XVHI. 

the 
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the water infinuates itfelf ' from the higher 
grounds. At firft it generally falls in hy drops; 
but afterwards, when the palTages become more 
open, it receives frefli fupplies from greater di-- 
ftances, and runs in fmall continued veins or 
rills. To this circumftance it is owing, that 
although water may be found in any part of a 
plain, only a certain number of wells can be fup- 
plied. This number is in proportion to the 
quantity of water dififufed, or rather to the ejt- 
tent of the higher grounds from which it comes. 

To find water, it is unneceflary to dig below 
the level of a river. It is commonly found at 
fmaller dcp|h8. The water of rivers feldo,m 
fpreads far in the earth by filtration. Even 
what is found in the earth, below the level of 
rivers, is not derived from them ; for, in rivers 
which have been dried up, or whofe courfes have 
been changed, no greater quantity of water is 
obtained by digging, than in the neighbouring 
ground at an equal depth. Five Or fix feet of 
earth is fufficient to contain water, and to pre.* 
vent its efcape; I have often remarked, that the 
banks of rivulets or pools have no fenfible ‘ 
moifture at the difiance of fix inches from the 
water. It is true, the filtration is always in 
proportion to the penetrability of the ground. 
But, upon examining the fiagnating pools with 
a fandy bottom, it is remarkable that the moi- 
fture fpreads but a f^w Inches. Neither is the 
extent of it great in a vegetable foil, which is 
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much more loofe and porous than fatid or hard 
earth. A garden-bed, though plentifully wa-? 
tered, communicates little or no moifture to thofe 
adjoining. I have examin 6 d level heaps of gar- 
den-earth, of fix or eight feet thick, vphich had 
remained undiftiirbed for fome years, and found 
that the rain-water had never reached above 
three or four feet ‘deep. I have made the fame 
obfervation upon earth which had lain 200 years 
in ridges ; Below the depth of three or four feet, 
it was as dry as duft. Hence the fpreading of 
water, by filtration alone, is" not fo extenfive as 
has generally been imagined. Very little can 
defcend in this way to the bowels pf the earth. 
But water, by its own gravity, defcends from 
the furface to the greateft depths. It finks 
through natural conduits, or forces paffages for 
itfelf ; It follows the roots of trees, the filTures 
of rocks, or interftices in the earth. It divides 
and expands on all hands into an infinite num-r 
her of fmall branches or rills; and uniformly 
defcends till its progrefs is flopped by clay or a 
folid earth, where it accumulates and breaks out 
to the furface in form of a ipring or fountain, 

It would 'be no eafy talk to make an exa(fl 
calculation of the quantity of fubterraneous wa, 
ters which have no apparent ifliie*. Many au-r 
thors pretend that it greatly furpafles all the wa- 
ters ^^ip^e furface: Not to mention thofe whq 

the interior part of the globe is en- 

• froofs, art. X, XI. and Xym, 
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tirely filled with water, it is imagined by fome, 
that there is an infinite number of rivers, rills, 
and lakes, in the bowels of the earth. But thV? 
opinion feems to have no proper foundation j 
and it is probable, that the quantity of fubter- 
raneous waters, which never appear at the fur- 
face, is very inconfidcrable; for, if the qumber 
of fubterraneous rivers were fo great. Why do 
we never fee any of their mouths break out, 
like fprings, on the furface? Befides, rivers pro- 
duce confiderable cljanges on the furface of the 
earth; they carry off the foil ; they wear away' 
the moft iblid rocks, and remove every thing 
that oppofes their paflage. The fame effedfs 
would refult from fubterraneous rivers. But 
no fuch changes have ever been difcovered ; no- 
thing below the furface is difplaced ; the differ- 
ent ftrata every where preferye their parallel 
and primitive pofition; and it is only in very 
few places thrft fubterraneous veins of water, of 
any confideration, have been difcovered. Thus, 
the internal operation of water is not great; 
but, as it is divided into an infinity of fmall 
veins, which are often fliut up by numberlefs 
obftacles, it gives rife to many fubftances, which 
are totally different, both in form and ftrudure, 
from thofe of the primitive matter. 

From what has beep advanced, we may con- 
clude, that the flux and reflux of the ocean have 
produced all the mountains, valleys, and other 
inequalities on the fuyface of the earth; that 

currents 
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currents of the fea have fcooped out the valleys, 
elevated the hills, and bellowed on them their 
,eorrefponding directions ; that the fame waters 
of the ocean, by tranfporting and depofiting 
earth, &c. have given rife to the parallel ftrata ; 
that the waters from the heavens gradually de- 
ftroy the effeCls of the fea, by continually di- 
minilhing the height of the mountains, filling 
tip the valleys, and choaking the mouths of ri- 
vers; and, by reducing every thing to its for-^ 
iner level, they will, in tirpe, reftore the earth 
to the fea, which, by its natural operations,- will 
again create new continents, interfperfed with 
mountains and valleys, every way fimilar to 
thofe .which we now inhabit. 
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ARTICLE 1. 

Of 'the formation of Planets. 

A S natural hiftory is our proper fubje^, we 
would willingly difpenfe with aftrottomi- 
cal obfervations. But, as the earth is, fo nearly 
related to the heavenly bodies, and, as obferva- 
tions of this kind illuftrate more fully thofe doc- 
trines we have already advanced, it is neceffary 
to give fome general ideas concerning the for- 
mation, motion, and figure, of the earth, and 
other planets. 

The earth is a globe of about 3000 leagues in 
diameter ; it is fituated 30 million of leagues 
from the fun, round which it revolves in 365 
days. This annual revolution is the effed of 
two forces; the one may be confidered as an 
impulfe from right to left, or from left to right; 
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the othei* as an attradion from above down:* 
wards, or from below upwards, to a common 
centre. The diredtion and quantity of thefe 
forces are combined, and fo nicely a^ljufted, that 
they produce a uniform motion in an ellipfe ap- 
proaching to a circle. Like the other planets, 
the earth is opaque, throws out a fhadow, and 
refleds the rays of the fun, about which it re- 
volves in a time proportioned to its relative dif- 
tance and denfity. It likewife revolves about 
its own axis in 24 hours ; apd its axis is inclined 
, to the plane of its orbit 66^ degrees. Its figure 
is that of a fpheroid, the two axes of which dif- 
fer from each pther about an 1 65th part j and 
it revolves round the fhorteft axis. 

Thefe are the principal phaenomena of the 
eartbi: 'the refults of difcoveries made by means 
of geometry, aftronoray, and navigation. It is 
unneceflary here to enumerate the proofs and 
obfervations by which thefe fads have been ef- 
tabliflied. We fliall confine our remarks to fuch 
objeds as are ftill doubtful j and fliall therefore 
proceed to give our ideas concerning the forma- 
tion of planets, and the changes they have un- 
dergone, previous to their arriving at the ftate in 
which we now perceive them. To the many 
fyftems and hypothefes which have been framed 
concerning the formation of the earth, and the 
different ftates it has pafl’ed through, we may be 
allowed to add our own conjedures, efpecially 
as we are determined to fupport them with a 

fuperiof 
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fuperior degree of probability ; arid we are the 
more encouraged to deliver our notions oh this 
fubje^l, becaufe we hope to enable the reader to 
diftinguifli between an hypothefis which confifts 
only of poflibilities, and a theory fupported by 
fads ; between a fyftem, fuch as we are about 
to give, of the formation and primitive ftate of 
the earth, and a phyfical hiftory of its real con- 
dition, which has been delivered in the prece- 
ding difcourfe. 

Galileo traced the iaws of falling bodies ; and 
Kepler obferved, that the areas which the prin- 
cipal planets defcribe in moving round the fun, 
and thofe of the fatellites round their principal 
planets, were proportioned to the periods of 
their revolutions, and that thefe periods were 
as thefquare roots of the cubes of their diftances 
from the fun, or from the principal planets. 
Newton difcovered that the poweir of gravity- 
extended to the moon, and retained it in its or- 
bit ; that the force of gravity diminiflied in ex- 
ad proportion to the fquares of the diftances, 
and, confequently, that the moon is attraded by 
the earth ; that the earth, and all planets, jye 
attraded by the fun ; and, in general, that all 
bodies which revolve about a centre, and de- 
fcribe areas proportioned to the periods of their 
revolution, are attraded by that luminary. Gra- 
vity, therefore, is a general law of nature. The 
planets, comets, the fun, the earthy are all ful|- 
jed to its laws ; and it is the fource of that har- 
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xnony which prevails in the univerfc. Nothing 
in phylics is better eftablilhed than the exiftence 
of this power in every material body. Repeat- 
ed experience has confirmed the effedfcs of, its 
influence, and the labour and ingenuity of geo- 
meters have determined its quantity and rela- 
tions. 

This general law being once difcovered, the 
effects of it would be eafily explained, if the ac- 
tion of thofe bodies which produce them were 
not too complicated. A flight view of the folar 
fyftem will convince us of the difficulties which 
attend this fubjeCt. The principal planets are 
attracted by the fun, the filin by tl^e planets, the 
fatellites by the principal planets, and each pla- 
net attracts all the others, aind is attracted by 
them. All thefe aCtipns and re-aCtions vary 
according to the quantities of matter and the dif- 
tances, and give rife to great inequalities, and 
even irregularities. How are fo many relations 
to be combined and eftimated ? Among fuch a 
number of objeCts, how is it poffible to trace 
any il^ividual ? Thefe difficulties, however, 
have been furmounted ; the reafonings of the- 
ory have been confirmed .by calculation ; every 
obfervation has produced a new demonflration ; 
and the fyftematic order of the yniverfe is now 
bjpen to every man who is able to diflinguifh 
^uth from error. 

The force of impulflon, or what is common- 
ly called the centrifugal force, is ftiU unknown ; 
r ' but 
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but it alFedts not the general theory. It is evi- 
dent, that, as the attractive force continually 
draws all the planets towards the fun, they 
would fall in a perpendicular line into that lu- 
minary, if they were not kept at a diftance by 
fome other power, forcing them to move in a 
ftraight line. If, again, this impulfive force 
were not counteracted by that of attraction, all 
the planets would fly off in the tangents of their 
refpeCtive orbits. This progrellive or impulllye 
force was unqueftioii^bly at firft communicated 
to the planets by the Supreme Being. But, in 
phyfical fubjeCts, we ought, as much as poflible, 
to avoid having recourfe to fupernatural caufes; 
and, I imagine, a probable reafon may be af- 
figned for the impulflve force of the planets, 
which will be agreeable to the laws of mecha- 
nics, and not more furprifing than many revolu- 
tions that muft have happened in the univerfe., 
The fphere of the fun’s attraction is not limit" 
ed by the orbits of the planets, but extends to 
an indefinite diftance, always decreafiiwyigprd- 
ing as the fquares of the augmented flHIces. 
The comets, it is evident, which efcape^^ light 
in the heavenly regions, are, like the planets, 
fubjeCt to the attraction of the fun, and by it 
their motions are regulated. All thefe bodies, the 
direftions of which are fo various, move round 
the fun, and defcribe areas proportioned to their 
periods, the planets in dlijpfes, more or lefs cir- 
cular, and the comets, in narrovr ellipfes of vaft 
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extent. The motions, therefore, both of . planets 
and comets, are regulated by impullive and at^ 
tractive forces continually acting upon them^ 
and obliging them to defcribe curves. But it is 
Worthy of remark, that comets run through the 
fyftem in all diredliOns ; that the inclinations of 
the planes of their orbits are fo very different, 
that though, like the planets, they be fubjefl to, 
the law of attraction, they have nothing in com- 
mon with regard to their pfogreHive or impul- 
live motions, but appear, ^n this refpeCl, to be 
abfolutely independent of each other. The pla- 
nets, on the contrary, move round the fun in 
the fame direction, and nearly in the fame 
plane, the greateft inclination of their planes 
not exceeding yj. degrees. This limilarity in 
the pofition and motion of the planets indicates, 
that their impullive and centrifugal forces mufl: 
have originated from one common caufe. 

May we not conjecture, that' a comet falling 
into the body of the fun might drive off fome 
its furface, |ind communicate to 
th^||PII|b|€!nt impullive force, which they Hill 
retain^ ? This conjeClure appears to be as well 
founded as that of Mr Leibnitz, which fuppofed 
the earth and planets to have formerly been 
funs ; and his fyftero, of which an abridgment 
will be given in Art. V. would have been more 
comprehenlive, and Jjore jconfohant to * proba- 
bility, if it had eihbtacedithe above idea. We 
agree with him, that thij^^iej^eCl was produced at 

• the 
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the time when God is IHid by Molies to have fb-^ 
parated the light from the darknefs; forjaceord*- 
ing to Leibnitz, the light was feparated from 
the darknefs when the planets were extinguifli- 
ed. But, on our fuppofition, there was a real 
phyfical feparation*^ becaufe the opaque bodies 
of the planets were detached from the luminous 
matter of which the fun' is compofed *. 

This notion concerning the caufe of the cen- 
trifugal force of the planets will appear to be 
lefs exceptionable, a^er we have colledled the 
analogies, and eftimated the degrees of probabi- 
lity by which it may be fupported. We (hall 
firft mention, that the motion of the planets 
have one common direflion, namely, from weft 
to eaft. By the dodrine of chances, it is eafy 
to demonftrate, that this circumftance maMfes it 
as 64 to I, that the planets could not at all move 
in the fame diredion, if their centrifugal forced 
had not proceeded from the fame caufe. 

This probability will be greatly, augmented, 
if we confider the fitqilarity in the inclLguftions 
of the planes of their orbits, which exce^ not 
7‘- degrees; for, by calculations, it has been dif- 
covered, that it is 24 to i againft any two pla- 
nets being found, at the fame time, in the moft 
diftant parts of their orbits ; and, confequently, 
24*, or 7692624 to I, that this effed could not 

• If the Coant deBu^on had known, that the.nucleua of the 
fun was a folid ;9od;Ojfitaque matter, a lifcovery lately made by 
the ingenious Dr. Wilfcn of Glalgowi his hypotheiit would hav* 
laboured under fewer diftcttlties. ^ 
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be produced by accident ; or, what amounts to 
the famev there is this great degree oC probabi- 
lity, that the planets have been imprelTed with 
one common moving force,, from which they 
have derived this lingular polition. But no- 
thing could beftow this cdbimon centrifugal 
motion, except the force and ,dire£kioii of the 
bodies by which it was originally communicat- 
ed. We may, therefore, conclude, that all the 
planets have probably i;eceived their centrifugal 
motion by one tingle ftrok^. Having eftablilh- 
• ed this degree of proba^bility, which almoil 
amounts to a certainty, I next inquire what mov- 
ing bodies could produce this efFe£b ; and 1 can 
tind nothing but comets capable of cQmmunicat>» 
ing rnotion to fuch vaft mafles. 

U^on examining the courfe of comets, it is 
eafy to believe that feme Of them muti: occa- 
fionally fall into the fun. comet 1680 ap- 
proached fo near, tfe j^^ l^perihelion , it was 
not more diftant from it^^^i^jthan a tixteenth 
part of his diameter ; and^ fE^l^ returns, which 
is extremely probable. In the year 2255, 
then fall into the fun. This event muft depend 
upon the accidents it meets with in its courfe, 
and the retardations it fuffers in paffing through 
the fun’s atmofphere*. 

We may, therefore, prefume, with the great 
'NeWtcnj that comets fometimes fall into the 
fon. But they nfay fall in different diredlions. 

* See Newt. edit. 3. 
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If they fall perpendicularly, or in a diredion 
not very oblique, they will remain in the body 
of the fun, ferve the purpofes of fewel, and, by 
their impulfe, remove the fun from his place, 
in proportion to. the quantity- of matter they 
contain*. But, if a comet falls in a very ob- 
lique diredtion, which will moft frequently 
happen, it will only graze the furface, or pene- 
trate to no great depth. In this cafe, it may 
force its way paft the fun, detach certain por- 
tions of his body, to^which it will communicate 
a common impuKive motion j and thefe portions 
pulhed off from the fun, and even the comet 
itfelf, may turn planets, which will revolve 
round this luminary in the fame direction, and 
nearly in the fame plane. A calculation, per- 
haps, might be made of the quantity of matter, 
velocity, and dire£tion, a comet ought to have, 
in order to force from the fun mafles equal to 
thofe which compofe the fix planets and their 
fatellites. But it is fufficient here to obferve, 
that the' whole planets, with their fatellites, 
make not a 650th pah of the fun’s mafsf; for 
although the denfity of Saturn and Jupiter be 
lefs than that of the fun, and though the earth 
be four times, and the moon near five times, 
more denfe than the fun ; yet they are only 
atoms when compared to his immenfe volume.' 

« Qu»r. Would not fuph an event, by aug^ienting the fua’ji, 
quantity of natter, sind, confequently, his attr^aive power, pro- 
duce other changea'in the folar fyftem f f p. 405. ■ 
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It muft be acknowledged, that, although a 
650th part of a whole may feem inconsiderable, 
it would require a very large comet to detach 
"this part from the fun. But, if we confider the 
prodigious rapidity of comets in their perihelion; 
the near approach they make to the fun ; the 
denfiity and ftrong cohefion of parts necef- 
fary to fuftain, without deftrudtion, the incon- 
ceivable heat they undergo ; and the folid and. 
brilliant nucleus which fhines through their dark 
atmofpheres ; it cannot be; doubted that comets 
are compofed of matters extremely denfe and 
folid;. that they contain, in fmall limits, a great 
quantity of matter; and, confequently, that a 
comet of no enormous fize may remove the fun 
from his place, and give a proje<ffile motion to 
a mafs of matter equal to the 650th part of 
his body. This remark correfponds with what we 
knew concerning the refpe^live denfities of the 
planets, which always decreafe in proportion to 
their diftances from the fun, having lefs force of 
heat to refill. Accordingly, Saturn is lefs denfe 
than Jupiter, and Jupiter much lefs than the 
earth. Thus, if the denfity ’ of the planets, as 
New^ton alleges, be in proportion to the quan- 
tity of heat they fupport. Mercury will be feven 
times denfer than the earth, and 28 times denfer 
than the fun, and^he comet 1680, 28,000 times 
more aeufe than., the earth, or 112,000 times 
denfer than the fun. Now, fuppofing the quan- 
tity of matter in tUs- comet to be equal to a 

ninth 
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ninth- part of the fun, or allowing it to be only 
loodth p^rt of the bulk of the, earth, Quan- 
tity of matter would ftill be equal to a qopth 
part of the fun: Hence a body of this kind, 
which would be but a frtiall comet, might pufh 
off frofn the fun a . 900th or a 650th part, efpe- 
cially when the amazing rapidity of comets, in" 
their perihelion, is, taken into the calculation. 

The correfpondeiice between the denfity of 
the whole planets, and that of the fun, deferves 
alfo to be noticed. Upon, and near the furface 
of the earth, there are fubilaUces 1400 or 1500 
times denfer than others; the denfitie? of air 
and gold are nearly in this proportion. But the 
interior parts of the earth and planets are more 
uniform, and differ little with regard to denfity; 
and the correfpondence in the denfity of the 
planets and that of the fun is fo great, that, but 
of 650 parts, which comprehend the whole 
denfity of the planets, there are more than 649 
nearly of the fame denfity with the folar mat- 
ter; and there^are only ten of thofe 650 which 
are of a fuperior denfity ; for the denfity of Sa- ; 
turn and Jupiter is nearly the fame with that 
of the fun ; and the quantity of matter in thofe 
two planets is at leaft 64; times greater than 
Avhat is contained in the four inferior planets, 
Mars,' the Earth, Venus, and^ iVla^ury. We 
may, therefore, conclude, that,, in general, 'the 
matter of the planets is very nearly. of the fame 
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kinid with the folar matter, and, of courfe, that 
the fortner may have been Separated from the 
latter. 

To this theory it may be obje<9:ed, that, if the 
planets had been driven off from the fun by a 
comet, in place of deferibing circles round him» 
they muft, according to the law of projeftiles, 
have returned to the fame place from whence 
they had been forced ? and, therefore, that the 
proje^lile force of the planets cannot be attribu- 
ted to the impulfe of a comet. 

I reply, that the planets iffued not from the 
fun in the form of globes, but in the form df 
torrents, the motion of whofe anterior particles 
muft have been acceler^tted by thofe behind, and 
the attradtion of the anterior particles would al- 
fo accelerate the motion of the pofterior ; and 
that this acceleration, produced by one or both 
ofthefe caufes, might be fuch as would necefla- 
rily change the original motion arifing from the 
' impulfe of the comet, and that, from this caufe, 
might refult a motion fimilar to what takes place 
in the planets, efpecially when it is coniidered, 
that the fhock of the comet' removes the fun 
out of its former ilation. This reafoning may 
be illuftrated by ah example. Suppofe a mufket- 
ball difeharged from the top of a mountain, 
|itid that the fbfcc of the powder was fulBcient 
o pulh it beyemd a femidiameter of the earth, 
it is certain that this ball would revolve round 
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the^ earth, and return at every revolution to the 
place from whence it had been difcharged. But, 
inftead of a mulket-ball, if a rocket were em- 
ployed, the continued adion of the fire would 
greatly -accelerate the original impulfiye motion. 
This rocket wovdd by .no means return to the 
lame point, like the ball j but, cateris paribus ^ 
would defcribe an orbitj the perigee of which 
would be more or lefs diftant from, the earth in 
proportion to the greatnefs of the change pro- 
duced in its dire£tio!p by the accelerating force 
of the fire. In the fame manner, if the original 
projedile force impreffed by the comet on the 
torrent of foiar matter was accelerated, it is pro- 
bable, that the planets formed by this torrent 
acquired their prefent circular or elliptical, move- 
ments around the fun. 

The appearances exhibited in great eruptions 
from volcano’s may give fome idea of this acce- 
leration of motion. When Vefuvius begins to 
groan and throw out inflamed matter, it has been 
often remarked, that the motion of the cloud 
firft ejeded is flower than the fucceeding ones, 
and that they go on increafing in celerity, till at 
laft fulphur, lava, melted metal, and huge flones 
are thrown up; and that, ^ough thefe obferve 
nearly the fame diredion, they alter confider- 
ably that of the firft cloud, and elevate it to a 
greater height than it would otherwile have 
reached. ’ 

p 4 The 
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The objection will be ftill farther obviated, if 
it ils confidered, that the itnpulfe of the cpmet 
muft, in fome degree, have communicated a mo- 
tion to the fun, and removed it from its former 
iituation ; and that, although this motion, may 
now be fo fttiall as to efcape the notice of aftro- 
nomers, it may ftill, however, exift, and make 
the-fun defcribe a curve round the centre of gra- 
vity of the fyftem. If this be allowed, as I pre- 
fume it will, the planets, inftead of returning to 
the fun’s body, would defcribe orbits, the peri- 
helions of which would be as diftant from the 
fun as the fpace that he prefently occupies is 
diftant from his original ftation, 

It maybe farther objeded, that, if motion 
be accelerated in the fame diredion, no change 
in the perihelion . c^ould take place. But is it 
credible, that no change of diredion can hap- 
pen in a torrent whofe particles fucceed each 
other? On the contrary, it is extremely pro- 
bable,' that a change was adually produced fuf- 
ficient to make the planets move in their prefent 
orbits. 

It may ftill be objeded, that, if the fituation 
of the fun had been 'chitoged by the Ihock of a 
comet, it would mot^,.nniformly j and, of courfe, 
this motion being common to the whole fyftem, 
no deration would be ofFeded. But, previous 
to thQ. ft|Ock, might not the fun move round 
thi? centre of the cotndaty fyftem j and , might 

not 
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not this primary motion be augmented or dimi- 
•niftied by the ftroke of the comet ? Is not this 
fufBcient to account for the actual motion of 
the planets ? ^ '■ 

If pone of thefe fuppofitions be admitted, may 
it not be prefumed, that the elafticity of the fun 
might elevate the torrent above his furface, in 
place of pulhing it diredly forward ? This cir- 
cumftance alone would be fufficient to remove 
the perihelion, and endow the planets with their 
prefent movements. * Neither is this fuppofition 
deftitute of foundation,: The folar matter maybe 
exceedingly elaftic ; fince light, the only part 
of it we are acquainted with^ feems, by its ef^ 
fedis, to be perfedly elaftic. I acknowledge 
that I cannot determine which of the caufes 
above afligned has adtually produced an altera- 
tion in the projedlile force of the planets; but 
they at leaft ftiow that fuch a change is not on- 
ly poffible, but probable, which is enough for 
my prefent purpofe. 

Without farther infifting on the' objeftions 
which may be made againft my hypothefis, or 
the analogical proofs that might be brought in' 
fupport of it, I lhall profecute my fubjeift,= and 
draw the proper conclufion® Let us fifft^exa* 
mine what might happen to the planets, and par- 
ticularly to the earth, when they were impTefled 
with their projectile forces, and what was' their 
flate after their feparation front the body of the 

i • . fun. 
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fun. A projeftile motion having^been.comittu- 
nicated, by the ftroke of a comet, to a quantity 
of matter equal to a 650th part , of the fun*s 
mafs, the light p^ticles would, feparate from the 
denfe, and, by tlieir mutual attra6tions|i form 
globes of different folidities. /Saturn being corn* 
pofed of the largefl and lighteft parts, would be 
zemoved to the greatefl distance from the fun ; 
Jupiter, being denfer than Saturn, would have 
a nearer ftation ; and fo of the reft. The largeft 
and leaft folid planets are moft diftant, becaufe 
they received a greater proje£lile force than the 
fmaller and denfer; for the projedile force be- 
ing proportioned to the furface to which it is 
applied, the fame ftroke would make the larger 
and lighter parts of the folar matter move with 
more rapidity than the fmaller and heavier. 
The parts, therefore, W'hich differed in denfity, 
would feparate from each other in fuch a man- 
ner, that, if the denfity of the folar matter be 
equal to 100, that of Saturn will be equal to 
67, of Jupiter, =: 94!, of Mars, z= 200, 'of the 
Earth, = 400, of Venus, = 800, of Mercury, 
= 2800. But, as the attra&ive force ads not 
In proportion to the furface, but to the quantity' 
of matter, it would retard the progrefs of the 
more denfe parts of the folar matter ; and it is 
JpPthis reafon that we find the moft denfe pla- 
nets ncareft the fun, and which move round 
him with more rapidity than thofe that are 
more diftant, and lefs denfe. 


The 
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The denfity and projectile motion of Saturn 
and Jupiter, the two largeft planets in the fyftem, 
have the moft exad proportion. The denfity 
of Saturn is lo that of Jupiter as 67 to 94!, and 
theirvelocitics are nearly as 88 ^ to i207.V» o*’^s 
67 to 90 t 4* How rarely do pure conje^ures 
cprrefpond fo exaCtly to the phaenomena of m- 
ture ? It is true, according to this relation be^ 
tween the celerity and denfity of |he planets, 
the denfity of the earth ought ndt to exceed 
2o6-f-%-» inftead of 4i30, which is its real denfity • 
hence it may be fuppofed, that the earth has now 
double its original denfity. With regard to the 
other planets. Mars, Venus, and Mercury, as 
their denfities are only conjectural, we know 
not whether this circumftance would confirm or 
weaken our hypothefis. Newton lays, that the 
denfities of the planets are proportioned tp the 
degrees of heat they are expofed .to ; and it is 
in confequence of this idea that we have men- 
tioned Mars as being One time lels denle than 
the earth, Venus one time. Mercury feven times, 
and the comet 1680, 28,000 times denier than 
the earth. But, if we attend to Saturn and Ju- 
piter, the two principal planets, we will find, 
that this fuppofed proportion between the den- 
fities of the planets, and the heat they fullain, is 
not well founded : For, according to this hy- 
pothefis, the denfity of Saturn would be as 4 tt» 
and that of Jupiter ais 141^, inftead of the pro- 
portions of 67 and 94i j difierences fo great as 

to 
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' V 

/ 

to deftroy the principles upon which they are 

• founded. Thus, notwithftanding the regard due 
tp the conjedtures of Newton, I ^nnot refrain 
fPom thinking that the denfities of the planets 
have a nearer relation to their celerities thau to 
the degrees of heat to which they are expofed; 
This, indeed, is only a final caufe; but the other 
is a phyfical relation, the exadbneis of which is 

• remarkable in Saturn and Jupiter. It is certain, 
however, that the denfity of the earth, inftead 
of being 206 is 400; an^, confequently, the 
earth niuft have fuffered a condenfation in the 
proportion of 206-5- to 400. 

But have the condenfations of the planets no 
relation to the quantity of folar heat they fuf- 
tain ? In that cafej Saturn, which is at the 
greateft diftance from the funj would have fiif- 
fered little or no condenfation; and Jupiter 
would be condenfed from go~-^ to 94!. Now, 
the fun’s heat in Jupiter being to his heat in the 
earth as 14^4- to 40o» their condenfation ought 
to be in the fame proportion. Thus, if 'Jupiter 
be condenfed as 9044. to 941, the earth, if it 
had been in the orbit of Jupiter, would have 
been condenfed from to hut the 

earth being much nearer thd fun, and receiving 
he^j in proportion to that of Jupiter, as 400 to 
the quantity of condenfation it would 
Ijj^e undergone in the orbit of Jupiter mull be . 
ii|u!ti|lied by the proportion of 400 to 144I, 
iwhl^%ill give nearly 2^44 for the condcnfa| 

tioii 
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tion the earth muft have . received. The den-' 
fity of the earth was 206^ j by adding its ac- 
quired condenfation, its actual denfity will be 
400 J , which: is nearly the fame with 400, its 
real denfity determined by the moon’s parallax. 
With regard to the other planets, I pretend not 
to give exa£t proportions, but only approxinia- 
tions, tending to fhew, that their denfities have 
a ftrong connedlion with the celerity of their 
motions in their refpedtive orbits. 

The comet, by falling obliquely on the fun, 
as mentioned above, muft have forced off from, 
his furface a quantity of matter equal to a 650th 
part of his bodys This matter, being in a li- 
quid ftate, would at firft form a torrent, of 
which the largeft and rareft parts would fly to 
the greatcft diftances ; the fmaller and more 
denfe, having received only an equal impulfe, 
would remain nearer the fun ; his power of at- 
tradion would operate upon all the parts de- 
tached from his body, and make them circulate 
round hfm ; and, at the fame time, 'the mutual 
attradion of the particles of matter ^youkl caufe 
all the detached parts to afl'umc tlic form of 
globes, at different diftances from the fun, th.e 
nearer moving with greater rapidity in their or- 
bits than the more remote. 

But it may be objeded, that, if the planets 
had been detached from the- fun, they muft 
have been burning and luminous, not cpid 
and opaque bodies j nothing can . have lefs rer 

femblance 
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ftmblanee to a globe of fire than a globe com* 
pofed of earth and water ; and, by comparifon, 
the matter of the eahh is totally difierent from 
that of the fun. 

It may be replied to this objedlion, that the 
matter changed its form after its reparation, and 
that the fire, or light,. was extingiiilhed by the 
projedkile motion communicated by the ftroke. 
Befides, may it not be fuppofed, that the fun, or 
a burning ftar, moving with a rapidity equal to 
that of the planets, would foon be extinguilhed ; 
and that this may be the feafon why all the lu- 
minous, or burning liars, are fixed, and without 
motion j and why thpfe called new liars, which 
have probably chainged their llations, are fre- 
quently extinguilhed and ^difappear ? To con- 
firm this remark, comets, when in their perihe- 
lia, ought to be inflamed even to their centre ; 
but they never become luminous liars ; they on- 
ly emit a burning vapour, a co|^fiderabIe portion 
of which they leave behind them in their courfe. 
In a medium which has little refiftahce, I ac- 
, knowledge, that fire may fublift, although the 
burning body be moved with great rapidity. It 
mull likewile be acknowledged, that what I. 
have faid applies only to thofe liars which dif- 
appear for ever, hot to thofe that appear and 
■difappear at . Hated intervals, without changing 
their fituations in the heavens. Of thefe Mau- 
jpe^uis, in his difcouife on the figure of the liars, 
has given a moH fatisfaftory account. But thole. 

which' 
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which have appeared, and then vani£hed for 
ever, muft unqueftionably have been extin- 
guiihed either By the quicknefs of their motion, 
or fome other caufe. There is not a fingle ex- 
ample of a luminous ftar revolving round ano- 
ther ; and not one of the fixteen planets which 
revolve round the fun have any light in .them* 
felves. 

Farther, fire, in fmall ma,{re8, cannot fubfift 
fo long as in large ones. The planets would ' 
burn a confiderable time after they ilTued from 
the fun ; but, at lel^th, would extinguilh for 
want of combuftible matter. For the fame rea- 
fon, the fun itfelf will . be extinguifhed j but at 
a period as much beyond that which extinguilh- 
ed the planets, as thu quantity of matter in the 
fun exceeds that of the planets. However this 
may be, the feparation of the planets from the 
fun, by the Ihock of a comet, appears fulEcient 
to account for their extindlion. 

The earth and planets, when they iflued from 
the funj were totally compofed of liquid fire ; 
in which Hate they would continue no longer 
than the violence of .the heat that kept them in 
fufion. But this heat would gradually decay 
from the moment they left the fun. Dm’ing 
their fluid Rate, they neceflarily affumed circu- 
lar figures ; and their- diurnal motion would 
elevate their equators, arid flatten their poles. I 
agree with M. Leibnitz *, that this figure corre- 

• .Vid. Aft, Lipf. an. t6gx. 
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ippn<}s ib exaOIy with the laws of hydroftatics, 
that the earth and planets muft neceflarily have 
been once in a ftate of fluidity occafioned by 
fire j and, confequently, that the interior parts 
of the earth muft be conjpofed of vitrified mat- 
ter, of which fand, free-ftone, granite, and per- 
haps cl?iy, are fragments, or fcoriae. 

It is therefore extremely probabje, that the 
planets were originally parts of the fun fepara- 
. ted by a ftroke which communicated to them 
a projectile motion ; and that their different 
diftances proceeded folely from the diflPerence of 
their denfities. To complete, this theory, it on- 
ly remains to account for the diurnal motion of 
the planets, and the origin of their fatellites ; 
which, inftead of adding frefh' difficulties, will 
tend greatly to confirm my hypothefis : For ro- 
tation, or what is called diurnal motion, entire- 
ly depends on the obliquity of the ftroke ; ati 
oblique impulfe on the furface of a body necef- 
farily gives it a rotatory motion. If the body 
which receives the impnlfe be homogeneous, the 
rotatory motion will always be equal and uni- 
form ; but it will be unequal, if the body con- 
fift of heterogeneous parts, or of parts different 
in denfity; Hence we may conclude, that the 
matter of each planet is homogeneous, becaufe 
the diurnal motion Of each 'is unifornily per- 
formed in the fame time; and this circutnftance 
ia an: additional proof, that portions of diflTerent 
denfities were originally fepairated from the fun. 

But ». 
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But the ©bliquity of the ftroke might be fo 
^eat as to throw off fmali quantities of matter 
from the principal planet, which would necef- 
ferily move in the fame diredion. Thefe parts, 
by mutual attr^ion, would reunite, according 
to their denfities, at different diftances from the 
planet, follow its courfe round the fun, and at 
the fame time revolve about the body of the 
planet, nearly in the plane of its orbit. It is eafy 
to perceive that the portions we mean are the 
fatellites: Thus the formation, pofition, and 
motion, of the fatellites correfpond, in the moft 
perfed manner, with our theory ; for they all 
move in the fame diredion, and in concentric 
circles round their principal planets, and nearly 
in the plane of their orbits. All thefe oemmon 
effeds, depending on an impulflve force, muft 
have proceeded from a common caufe, which 
was a projedile force communicated to theni by 
the fame oblique ftroke. This account of the 
motion and formation of the fatellites will be 
ftrongly • fupported, if the other circumftances 
and phaenomena attending them be duly weigh- 
ed. Thofe planets which are furnifhed with fa- 
tellites niove quickeft round their axes. The re- 
volution of the earth is quicker than that of Mars, 
in the proportion nearly of 24 to 15; the earth 
has a fatellite, and Mars has none ; Jupiter, 
whofe diurnal motion is 509 or 600 times more 
rapid than that of the earth, has four fatellites ; 
and it is extremely probable, that 3iitum, who 

VOL. r. F has 
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has fatelHtes and a ring, rcA^lves much 
more quickly than Jupiter. 

We may even conjefture, with fome proba- 
bility, that the plane of the equator of Saturn^a 
ring is nearly the fame with tha| of the planet j 
for, fuppofing, according to the preceding theory, 
the obliquity of the impulfe which put Saturn 
in motion to have been very great, his diurnal 
motion would at firft be in proportion to the 
excels of the centrifugal force above that of gra- 
vity, and, of courfe, a confiderable quantity of 
matter would be thrown oilf from his equatorial 
regions, and neceflarily alTume the figure of a 
ring, the plane of which would be nearly the 
fame with that of his own equator. This quan- 
tity of matter, detached from the equatorial re- 
gions of Saturn, muft have flattened the equator 
of that planet ; which is the reafon why, not- 
withflanding the rapidity with which we have 
fuppofed him to revolve round his axis, the di- 
suneters of Saturn are not fo unequal as thofe of 
Jupiter, which differ from each other more than 
an eleventh part. 

Though this theory of the formation of the 
planets and their fatellites appears to be extreme- 
ly probable j yd:, as every man has his own 
liandard of eftimating probabilities of this na- 
flandard varies according to the 
.f|ilfferent capacities of combining analogies more 
^ or lefs remote, I pretend not to convince thofe 
Who'are unwilling to believe. 1 have offered thefe 
i ideas<.. 
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Ideas to the public, not only becaufe I thought 
them rational, and calculated to unravel a fub- 
jeft upon which, however important, nothing 
has hitherto been written ; but becaufe the im- 
pulfive motion pf the planets gives rife to num- 
berlefs phaenomena in the univerle, which ad- 
mit not of an explanation by gravity alone. To 
thofe who may be difpofed to deny the poffibi- 
lity of my theory, I would propofe the follow- 
ing queries : 

1. Is it not natural to imagine, that a moving 
body has received its motion from the impulfe 
of fome other body ? 

2. When fcveral bodies move in the fame du 
rcdion, is it not exceedingly probable, that they 
received this direftion from a fingle ftroke, or, 
at leaft, from ftrokes every way limilar ? 

3. When feveral bodies in motion have, not 
only the fame direction, but are placed in the 
fame plane, is it not more natural to think that 
they received this diredion and pbfition from 
one impulfe than from many ? 

4. Is it not probable, that a body put in mo- 
tion by impulfe, fhould receive it in an oblique 
diredion j and confequently that it fhould be 
forced to move round its axis with 4 rapidity 
proportioned to the obliquity of the flroke ? If 
thefe queries be not unreafonable, the theory of 
which we have given a fketch will no longer 
have the appcaranc| of abfurdity. 

F 2 
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Let us now proceed to a more intereftjng 
objedl ; let us examine the figure of the earth 
upon which fo many inquiries and obfervations 
have been made. As it appears, from the equa- 
lity of the earth’s diurnal motion, and the uni- 
formity in the inclination of its axis, that it 
is compofed of homogeneous parts which mu- 
tually attra(3 each other in proportion to their 
quantities of matter ; if its impulfive motion 
had been communicated in a dire^iion perpen- 
dicular to its furface, it would neceflarily have 
affumed the figure of a perfedt fphere : But, 
having been ftruck obliquely, it moved round 
its axis at the inftant it received its figure ; and, 
from the combination of the projedile force 
and that of attradion, there refulted a fpheroid 
figure, more elevated at the equator than at the 
poles ; becaufe the centrifugal force, arifing from 
the diurnal rotation of the earth, mufi: diminifh 
the adion of gravity, or that power which makes 
all the parts tend to the centre. Thus the earth, 
being compofed of homogeneous p^rts, and 
having been endowed with a rotatory motion, 
mull: neceflarily have aflumed a fpheroidal 
figure, the two axes of which differ from each 
other by a 2 joth part. To fhow that this is the 
real figure of the earth, we need not have re- 
CQurfe to hypothefes ; it is capable of the clearefl; 
|emonftration. The laws of gravitation are 
well known: That bodies attrad each other 

diredly 
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(lire<Sly as their quantities of matter, and in- 
verfely as the fquares of their diftances, admits 
not of a doubt. It can as little be doubted, that 
the total action, of any body is compofed of all 
the particular actions of its parts. 

The parts of bodies are all mutually attracted 
in the above proportion ; and all thefe attrac- 
tions, when the body has no rotation, neceflari- 
!y produce a fphere, and a fpheroid, when the 
body is endowed with a rotatory motion. This 
fpheroid is more or Igfs flattened at the poles in 
proportion to the quicknefs of the diurnal mo- 
tion ; and the eafth, in confequence of the ce- 
lerity of its rotation, and the mutual attra£lioa 
of its parts, has aflumed the figure of a fphe- 
roid, of which the two axes are to one another 
as 229 to 230. 

Thus the earth, at the time of its formation, 
from the original conftitution and homogeneity 
of its parts, and independent of every hypothe- 
hs derived from the direction of gravity, took 
the figure of a fpheroid ; and,, from the known 
laws of mechanics, its equatorial diameter, was 
neceflarily elevated about fix leagues and a half 
more than its poles. 

I fliall dwell the longer on this article, be- 
caufe there are fome geometers, who, from ^ 
fyftem of philofophy they have adopted, and 
from a fuppofed' diredlion of gravity, ftill ima- 
gine that the figure of the earth depends upon 
theory. The firft thing to be demonftrated is 

the 
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the mutual attradion of the parts of matter ; 
and the fecpnd, the homogeneky of the terref- 
trial globe. When thefe two fails are clearly 
proved, there will be no occafion to have re- 
courfe to any theory derived from the diredion 
of gravity ^ becaufe the earth’s figure, in this 
cafe, muft neceflarily be as Newton determined 
it ; and all the other figures afligned to it, in 
confequence of vortexes, and other hypothefes, 
can have no exiftence. 

It will not be doubted,, even by the moft in- 
credulous, that the planets are retained in their 
orbits by the power of gravity. The fatellites 
of Saturn gravitate towards that planet ; thofe of 
Jupiter towards Jupiter; the moon gravitates 
towards the earth ; and Saturn, Jupiter, Mars, 
the Earth, Venus, and Mercury, gravitate to- 
wards the fun. In the fame manner, Saturn, 
Jupiter, and the Earth, gravitate towards their 
refpedive fatellites, and the fun gravitates to- 
wards the whole planets. Gravitation is there- 
fore a general law, by which the whole planetary 
fyftem is mutually affet^ed ; for adlion cannot 
exitt without re-adion, This mutual attradlion 
of the planets is the law which regulates all their 
motiops ; atid its exiftence is denlonftrated by 
its effeds. Whep Saturn and Jupiter are in con- 
Jnpdion, their mutual attradion produces an ir- 
-^fegularity in their ifiotion round the liin. The 
earth and the moon, alfo, mutually attrad ^ch 
other ; but the irregularities in the moon’s mo- 

^ . tiot^ 
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tion proceed principally from the attradion of 
the fun j and hence the fun, the earth, and the 
moon, mutually ad upon each other. Now, the 
reciprocal attradion of the planets, when the 
diftances are equal, is proportioned to their quan- 
tities of matter ; and the fame power of gravity, 
which makes heavy bodies fall to the earth, 
and which extends as far as the moon, is like- 
wife in proportion to the quantity of matter : 
The total gravity of a planet, therefore, is com- 
pofed of the gravity* of all its parts; Hence all 
the parts 6f matter, whether in the earth or pla- 
nets, mutually attradgach other; and, of courfe» 
the rotation of the earth round its axis tnuft 
neceflarily have bellowed on it the figure of a 
fphcroid, the axes of which are as 229 to 230. 
But the diredion of gravity mull be perpendicular 
to the earth’s furface ; and, confequently, unlefs 
the general and mutual attradion of the parts of 
matter be denied, no hypothefis derived from 
the diredion of gravity can have any folid foun- 
dation. But this mutual attradion, as we have 
feen, is demonftrated by adual obfervation j 
and the experiments made by pendulums prove 
its univerfal extenfion. No hypothefis, there- 
fore, founded on the diredion of gravity, can 
be admitted, without contradiding both reafon 
and experience. 

Let us now examine whether the parts com- 
pofing the terreftrial globe be homogeneous. I 
acknowledge; that, if the globe be fuppofed to 
F 4 ’ confift 
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cotifift of parts differing in denfity,the diredion 
of gravity would be different fi'om that we have 
affigned, an^ that the earth’s figure would vary 
according to the different fuppofitions which 
might be made concerning the diredion of 
gravity. But, why make fuppofitions of this 
kind? Why, for example, do we fuppofe the 
parts near the centre to be more denfe than thofe 
more diftant from it ? Are not all the particles 
which compofe the globe united by their mutual 
attradion ? Every particle, therefore, is a centre; 
and there is no reafon to believe that, the parts 
which furround the centre are denfer than thofe 
which furround any other point. Befides, if any 
confiderable part of the earth were more denfe 
than another, the axis of rotation would ap- 
proach nearer that part, and create an inequality 
in the diurnal revolution of the globe : It would 
produce an inequality in the apparent motion of 
the fixed ftars ; they would appear to move more 
quickly or flowly in the zenith or horizon, ac- 
cording as we happened to be fituatetf on the 
heavy or light parts of the earth ; and the axis 
of the globe, not palling through its centre of 
gravity, would make a perceptible change in its 
pofition. But nothing, of this kind ever takes 
place. On the contrary, the diurnal revolution 
# the earth is equal and uniform. At every 
point of the earth’s furface, the ftars appear to 
.move with the fame quicknefs ; and, if there be 
any nutation in ks axis, it is too inconfiderable 
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to attrad obfervation. Hence it may be con- 
cluded, that all the parts of the globe are at leaft 
nearly homogeneous. 

If the earth were hollow, the cruft of which, 
for example, exceeded not three leagues ia 
thicknefs, it would give rife to the following 
phjenomena. i. I'he mountains would bear fo 
great a proportion to the total thicknefs of the 
cruft, that vaft irregularities in the earth’s mo- 
tion would be occalioned by the attradion of 
the moon and of the fun : When the moon was 
in the meridian of the more elevated parts, as 
the Cordeliers, her attradion upon the whole 
globe would be much greater than when fl\e 
was in the meridian of the lower parts. 2. The 
comparative attradion of the mountains would 
be greatly increafed j and the experiments made 
on Mount Ghimboraco, in Peru, w'ould have gi- 
ven more degrees in the deviation of the plumb- 
line than, they adually gave feconds. 3. The 
weight of bodies would be greater on the tops 
of mountains than in the plains; and nten would 
find themfelves more weighty, and would walk 
with more difficulty, in high than in low grounds. 
Thefe obfervations, and many others which 
might be made, fhould convince us, that the in- 
terior parts of the earth are not hollo w, but that 
they are compofed of matter of a confiderable 
denfity. 

If, on the other hand, the earth, at the depth 
of two or three leagues, confifted of matter 

much 
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much denfer than that we are acquainted with, 
upon defcending even into ordinary pits, we 
' Iliould find ourfelvcs confiderably heavier j and 
the motion of pendulums would there be more 
accelerated than they a'dually are when brought 
down from a hill to a plain. Hence ,we may 
prefurae that the interior parts of the earth con- 
lift of matter nearly fimilar to that on its fur- 
face. Of this, we will he ftill farther convinced* 
if we cpnfidcr that the earth, at the time of its 
original formation, when it affumed its prefent 
fpheroidal figure, was in a ftate of fufion, and, 
confequently, that all its parts were homogene- 
ous, and nearly of equal denfity. The -matter on 
the furface, though originally the fame with that 
of the interior parts, has, in the revolutions of 
time, undergone many changes from external 
caufes; and to thefc are to be afcribed the pro- 
du£lion of materials fo different in their denfi- 
ties. But it ought to be remarked, that the 
.denfeft bodies, as gold, and other metals, are 
moft rarely to be met with ; and, confequently, 
that the greateft quantity of materials at the 
furface, have fuffered little alteration with re- 
gard to denfity. The moft common materials, 
indeed, as fand and clay, differ fo little in denfi- 
ty, that we may conjedure, with much proba- 
bility, the internal parts of the earth to confift 
of a vitrified matter, the denfity of which is 
pearly equal to that of fand; and, confequently, 

that 
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that, the whole globe may be confidered as one 
homogeneous mafs. 

But, it may be faid, that, though the earth 
were compoied of concentric beds, of different 
denfities, the equality of its diurnal motion, and 
the uniform inclination of its axis, would re- 
main equally undifturbed, as upon the fuppofi- 
tion of its confiding wholly of homogeneous 
matter. This I allow; but I demand, at the 
fame time, whether there be any reafon for be- 
lieving that thefe beds of different denfities 
really exid ? Whether this method of folving 
difficulties be not an attempt to adjud the works 
of nature to our own imaginations ? And whe- 
ther fuppofitions, neither founded on obferva- 
tion nor analogy, ought to find admittance into 
phyfical reafoning? 

Hence, it is apparent, that the earth received 
its fpheroidal figure in confequence of its diurnal 
motion, and the mutual attra6\ion of its parts ; 
that this figure neceffarily refulted from the 
globe’s* being in a liquid date; that, according 
to the laws of gravity and of a centrifugal force, 
it could not poffibly affume any other figure; 
that, at the moment of its formation, the differ- 
ence between its two diameters was, as at pre- 
fent, equal to a 230th part ; and^ of courfe, that 
all other hypothefes which make this difference 
greater or lefs, are mere fiftions, and deferve 
no attention, 


Perhaps 
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> Perhaps it may be objedled, that, if this theory 
be well founded, and if the proportion of the 
axes of the two diameters be as 229 to 230, 
how came the mathematicians fent to Lapland 
and Peru to concur in making it as 174 to 175 ? 
Why fliould fuch a difference fubfift between 
pradice and theory ? And, is it not more rea- 
fonable to give the preference to adtual meafure- 
ment, efpecially when executed by the ableft 
mathematicians in Europe*, and furniflied with 
all the neceffary apparatus ? 

To this I reply, that I mean not to combat 
the obfervations made at the equator, and near 
the pole; that I doubt not of their exadncfs; 
and that the earth may actually be elevated a 
175th part more at the equator than at the poles. 
Still, however, I maintain my theory ; and I 
perceive clearly how it may be reconciled to 
pradice. The difference between the two con- 
cludons is about four leagues in the two axes. 

, The equatorial regions are found to have an ele- 
vation of two leagues more than they ought to 
have by the theory. This height of two leagues 
correfpohds exadly with the greateft inequalities 
which have been produced on the furface of the 
globe by the motion of the fea, and the adion 
of fluids. Here fome illuftration is neceffary. 
At the time of the earth’s formation, in confe- 
' quence of the mutual attradion of its parW, and 
of its centrifugal force, it muft have affumed a 

• M. de Maupenuis, figure de la terre. 
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fpheroidal figure, with its axes different by a 
.330th part. This would be the real figure of 
the earth while it remained in a ftate of lique- 
fadlion. But, after cooling for fome time, the 
ratified vapours, like thofe in the tail or atmo- 
Iphere of a comet, would condenfe, and fall on 
the furface in the form of air and water j and, 
when thefe waters begin to be agitated by a flux 
and reflux, fand, and other bodies, would be 
gradually tranfported from the poles towards 
the equatorial parts. This operation, when con- 
tinued for fome time, would necelfarily fink the 
poles, and elevate the equator in the fame pro- 
portion. The furface of the earth being like- 
wife expofed to the winds, to the adion of the 
air and of the fun ; all thefe caufes would con- 
cur with the tides in furrowing the earth, in 
fcooping out valleys, in elevating the mountains, 
and in producing other fuperficial irregularities, 
none of which, perhaps, exceed a league in 
thicknefs, even at the equator. This inequality 
of two leagues may be fuppofed to be the great- 
eft that can take place on the furface ; for the 
higheft mountains exceed not a league in height ; 
and the moft profound parts of the ocean, it is 
probable, are not above a league in depth. Thus 
my theory perfedlly coincides with praiStice. 
The earth’s equator could not, at firft, be elevat- 
ed more than fix leagues and a half above the 
•poles; but the changes produced on the furface 
might give it a ftill greater elevation. Natural 

hiftory 
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hiftdry wonderfully fupports this opinion j for, 
in the, preceding difcourfe, we have proved, 
that, from the tides and other motions of the 
waters, have proceeded mountains, and all the 
other ineqnalities on the furface of the globe ; 
and that, at great depths, as well as upon the 
greateft heights, bones, fhells, and other relics 
of fea and land animals, have been difcovered. 

■ From what has been obferved, it maybe con- 
jectured, that, in order to find primitive earth, 
and fubftances which have never been removed 
from their original ftations, we muft dig in 
countries near the poles, where the bed of un- 
moved earth will be thinner than in fouthern 
climates. 

In fine, if the raeafurement by which the fi- 
gure of the earth was determined be ftriCtly 
fcrutinized, we fhall find that it is not altogether 
free from hypothetical reafoning : For it pro- 
ceeded on the fuppofition that the earth was a 
regular curve: But, as the earth is liable to con- 
fiderable and conftant changes from a thoufand 
caufes, it is impoffible that it could have retained 
any perfectly regular figure ; and hence, agree- 
able to our theory, and the opinion pf Newton, 
the poles might originally be only flattened a 
230th part. Befides, though we have the exaCt 
length of a degree at the equator and polar 
circle, yet we have not the exaCl length of a 
degree in France ; and the meafures of M. Pi- 
card have never been confirmed. It may be 

added. 
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added, that the diminution and increafe in the 
motion of the pendulum agree not with thecon- 
clufions drawn from meafurement ; and that, on 
the contrary, they correfpond very nearly with 
the theory of Newton. Thefe circumftances tend 
farther to convince us, that the poles are not de- 
prefled above a 230th part; and that, if there 
be any difference, it can proceed from nothing 
but the inequalities produced on the furface by 
the waters, and other external caufes.- But thefe 
inequalities are by no means fo regular as to 
juftify any hypothefis* which fuppofes the meri- 
dians to be ellipfes, or any other perfect curves. 
Hence it appears, that, though many degrees 
fhould be fucceffively meafured in different re- 
gions, we cannot, by that alone, afcertain the 
exa£t depreflion of the poles, nor determine how 
much it exceeds or falls fhort of a 230th part. 

May we not likewife conjedlure, that, if the 
inclination' of the earth’s axis has been changed, 
this effect could not be produced but by the 
changes t)n the furface, fince all the other parts 
are homogeneous ; that this variation is, of 
courfe, too fmall to be perceived by aftrono- 
mers; and that, if the earth be not difturbed by 
a comet,, or fome other external caufe, its axis 
will for ever preferve its prefent and original 
inclination? 

Not to omit any conjedlure that feems rea- 
fonable, may we notfuppofe, that, as the moun- 
tains and other inequalities on the furface of 

the 
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the earth, have originated from the adioti of 
the tides, thoio which we perceive in the moon 
have been ■ produced by a fimilar caufe? The 
mountains of the moon are indeed higher than 
thofe of the earth ; but her tides are likewife 
ftronger ; becaufe the earth, the Cize of which is 
much larger, raifes the tides of the moon with 
a fuperior force. This effeft would be great- 
ly augmented, if the moon, like the earth, had 
a quick diurnal motion. But, as the moon uni- 
formly prefents the fame face to the earth, the 
tides are raifed only in proportion to the mo- 
tion occafioned by her librations, which alter- 
nately expofe to our view a fmalkfegment of 
her other hemifphere. This caufe* however, 
muft produce tides very different from thofe of 
our feas ; and their effeds will, of courfe, be 
much lefs confiderable, than if the moon had 
poffefled a diurnal revolution round her axis, 
equally quick as the rotation of the earth. 

I fhould compbfe a volume equal to that of 
Burnet or Whifton, were I to extend "the ideas 
prefented by the above theory; and were I, in 
imitation of the laft-mentioned author, to clothe 
them in a geometrical drefs, I might add confi- 
derably to tyfo importance. But I have always 
thought, ™|pypothefes, however probable, de- 
Terve nc^l^be treated fo pompoufly. It is apt to 
jgive th^ the air of quackery and impofition. 
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A R t I C L £ iii 
Of the Sjfem of Wbtfton 

T his author begins his theory with a dif^ 
fertation on the creation of the worlds 
He alleges, that the account given of it by 
Mofes is not properly undefftood ; and thatj in 
inquiriea of this kind, men, contenting them-^ 
felves with the moft evident and iuperficial views^ 
give too little of their attention to nature^ rea^ 
fon, and philolbphy. The common notions^ 
he obferves, concerning the fix days work, are 
falfe ; and the delcription of Mofes is not an 
exa€t or philofopluc account of the creation and 
origin of the univerfe^ but only an hiftdrical 

* See a tiew Theory of the Earth by Will. WhiAon. Lon> 
idon, 1768* 
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narrative of the formation of the terreftrial globe. 
The earth, in his eftimation, formerly exifted 
in chaos, and, at the time mentioned by Mofes, 
it only received a. form, fituation, and confid- 
ence, neceflary for the habitation of mankind. I 
(ball not give* a detail of Whifton’s proofs, nor 
enter upon a formal refutation of them, but 
content myfelf with a (hort view of his theory,^ 
which will fliow it to be contrary to the fcrip- 
tures, and, of coutfe, .that his proofs muft be 
falfe. Befides, he treats this matter more like 
a polemical divine than a philolbpher. 

Leaving thefe falfe principles, he proceeds to 
fome ingenious notions, which, though fingu- 
lar, will not, to thofe who are influenced by the 
enthufiafm of fyftem, appear to be deftitute of 
probability. He tells us, that the ancient Chaos, 
from which the earth originated, “was the at- 
iriofphere of a comet ; that the annual motion 
of the earth began when it received, its new 
form y but that its diurnal motion commenced 
not till the fall of Adam ; that the ecliptic cut 
the tropic of Cancer in a point precifely oppo- 
fite to Paradile, which was fituated on the north- 
weft frontier of Aflyria j that, before the de- 
luge, the year began at the autumnal equinox, 
and that the orbits of the earth and planets were 
then ,perfe£l: circles ; that the delyge com- 
jmenced on the i8th of November, in the year of 
the Julian period 2365,, or 2349 before Chrift ; 
that, previous to the deluge, the folar and lunar 
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year were the fame, and coiififted exadlly of 360 
days ; 'that a comet, defcending in" the plane of 
the ecliptic to its perihelion, on the very day that 
the dehige began, made a near approach to the’ 
earth ; that there is a great heat in the bowels 
of the earth, which Is conftantly expanding 
from the centre to the circumference ; that the 
figure of the earth refembles an egg ; that the 
mountaitts^fare the lighted parts of the globej?* 
&c. He then attrihutcs to the deluge all the 
changed the earth has. undergone, blindly adopts 
Woodward’s theory, ufes indifcriminately all 
that author’s remarks on the prefent date of the 
earth j but affumes more the air of an original, 
when he treats of its future condition. The 
earth, lays Mr Whifton, will be confamed by 
fire ; and its deftrudlion will be. preceded by 
earthquakes, thunder, and hideous meteors; the 
fun and moon will affume a dreadful afpe£t; the 
heavens will feem to fall ; and the whole earth 
will be in flames. But, after the fire (hall have 
devoured every impurity of this globe, and vi- 
trified and rendered it tranfpareht as the pureft 
cryftal, the faints and fpirits of the blefled (hall 
take poffeffion of it, and there remain till the 
general judgment. ^ 

This hypothefis appears, at firft view, lb be 
extravagant and fantaflical. But the author has 
managed his ideas with fuch dej^erity, and 
placed them in fo ftrong a light, that they no 
longer have the air of ablblute chimeras. He has 

02 -adorned 
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adorned his fubjeSt with much fcience and itt« 
^nuity : And it is aftonifiiing; that, from fuch 
a medley of ftrange notions, he (hould have 
been able to compofe a fyftem fo'plauAblei But 
it is not to the vulgar that it has this brilliant 
appearance; the learned are more eafily. de- 
ceived by the glare of erudition, and the force 
of new ideas. Mr Whifton was a celebrated 
laftronomer. Accuftomed to contenspBite the 
heavens, ' to tneafure the motions of the ftars, 
and to confider the great pb^nomena of nature, 
he could never imagine that this grain of fand, 
which, we inhabit, ocCUpied more the attention 
of its Creator than the univerfe, which contains, 
in the vaft regions of Ipace, millions of other 
funs and other Worlds. He alleges, that Mofes 
has not given us the hiltory of the firft creation 
of this globe, but only a detail of thofe .circum- 
ftances which attended its receiving a form fit 
for the habitation of men, when the Almighty 
transformed it from the iiate of a comet to that 
of a planeti Comets, owing to the ecdentricity 
of their orbits^ are fubje€t to dreadfuL viciffi- 
tudes: Sometimes, like that of - 1680, they are 
a thoufand times hotter than melted iron, and 
fometimes a thbttfand tinies colder than ice: 
They cannot, thereforeij furnilh habitation to 
anY,greature8 of which we can form a concep- 
or rather, they are altogether uninhabit- 

■^able. 
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Th;e placets, oa th#«onlrary, are tranquil 
l^qdies ; their diilances from the fuq vary but 
i» }iittlq^; and th^ temperature continues fo nearly 
tjie fame^ that it permits plants and animals to 
*grqw and to multiply, , 

' Ila the beginning, fays Mr. Whifton, God 
.created the univcrfe; but' the earth was them an 
uninhabitable comet, and fubje^ to Aich alter** 
mate extremes of cold and heat, that its matter, 
being fometimes liquified and fometimes frozen, 
was in the form of chaos, or an abyfs, fur- 
rounded with utter ciarknefs ; And d(^knefs cof 
•acred the face of the deep. This chaos ^as the 
atmofphere of the comet, a body compofed of 
heterogeneous materials, having its centre oc*r 
copied with a globular, fclid, hot nucleus, of 
about 2000 leagues in diameter, round* which 
was an extenfive mafs of a thick fluid, mixed 
with heterogeneous and undigefted materials, 
like the chaos of the ancients, rudU indtgef- 
toque moles. This great atmofphere contained* 
-few dr)f, folid, or earthy particles, and ftill lefs 
of water or air ; but it was amply filled with 
thick' and heavy fluids, mixed, agitated, and' 
jumbled together in the utmoft confufion. Such 
was the condition of the eafth when fix days 
pld ; But, next day, that is, on the firft day of 
the creation, when the eccentric orbit of the, 
comet was changed into an clUpfej nearly cirT 
eular, every thing aflumed its proper place j the 
different materials arranged themfelves accprd-v 
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iag #0 their Ip^eoific' gfCvlties ; th€ heavy fluids 
liitik down, and Wt to the earthy, .watery, an.i|^ 
aerial fubtlaticea, the fuperior regions. 'Ch^' 
ajfo defcended in the order of th^ir gravities,; 
firft the earth, then the water, and, laftiy, thei 
air. In this manner, the in^enfe volunrfe of 
chiws %as reduced td a, moderate fphere, th«j 
cefttte of which is a folid body*that ftill retains 
the heat it received from the fun, when former:?^ 
ly -the nucleas of a comet. This heat may eafily ’ 
laft 6000 years, fince the comet 1 680 would r&^ 
quire befor,e k cooled. Round the fo- 

lid an4 burning nucliUs, at the ' centre of the 
earth, is placed the heavy fluid *wliich defcended 
firftj and formed the great abyf8, upon which 
the earth flftats like a cork on quick-lilver. But 
as the earthy parts wvere .tlriginalfy mixed with a 
great body of water, they, in defcending, drqve 
before them a part of this water, which was 
confined there when the earth confolidated, and 
formed a ftratum concentric with the heavy 
fluid that furroumls the nucleus. Thus, the, 
great, abyfs iscompofed of two concentric circles, 
the interior being a heavy fluid, and the fupe- 
rior water, upon which laft the earth' is imme- 
difttel-y founded,- Wrom this admirable arrange- 
ment, produced by the atmofpliere of a comet, 
aiilfilO be deduced thd theory, of the earth, and 
4ia explication of all its phsenomena ! 

V After the atmolphere of the comet had been 
foced from the fol^ arid earthy |articles^ a pure 

air 
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air only Teraained, throtigh which the rays of 
the fun inftantly penetrated, and producfed light: 
^Ltet there be Ugbt ; and there mas light. . The 
vaft columns! or beds of which the earth is com* 
pofed, being 'formed with fo much precipitation , 
is the reafon why they differ fo much in denfity j 
the fieixvier funk deepen i^to the abyfs than the 
lighter, and, of courfe, gave rife to mountains 
and valleys ; Thefe inequalities, before the de- 
luge, were differently fituated from what they 
are at prefent. Inflead of that vaft valley which 
contains the ocean, many fmall caverns were 
difperfed over the globe, ^i&ach of which contain- 
ed a part of the waters. Tho mountains were 
then at greater diftances, and'formed not large 
chains. But the earth was a thoufand times 
more fertile, ahd contained a thoufand times 
mojfe inhabitants; and the life of man, and of 
the other animals, was ten times longer. All 
thefe effects were produced by the fupferior heat 
of the central fire, which gave birth to a greater 
number* of plants and animals, and, at the 
fame tinife, beftowed on them a degree of vigour 
that enabled them to exift long, and to multi- 
ply abundantly. But thi§ heat had a mlferable 
effefSt upon the dtfpofitions of^men and other 
animals : It augmented the paflions, robbed man 
of his innocence, and diminiflied the fagacity of 
the brute creation. All creatures, except the 
fifties, who inhabited a colder element, felt the 
influence of -the central heat, became vicious, 

04 and 
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and merited death. This univerfal death 
accordingly i«fli£ted, on Wednefday the 28th 
day of November, by a drjsadful deluge, which 
lafted 40 days |od 40 nights, and^was occafion- 
ed by the tail of a comet meeting with the earthf 
in returning from its perihelion. 

The tail of a comdt i$ the lighted part of its 
atmofphere. It is a trahfparent and fubtile va- 
poui^raifed by the heat of the fun from the bo- 
dy of the comet. This vapour, which is com-r 
pofed of aerial and watery particles extremely 
rarified, follows the comet in its defcent to its 
perihelion, and goes before the comet in its 
afcent, its fituation being always oppofite to the 
fun, as if it had an affection for the fhade, and 
wiflied to avoid the Icorching rays of the fun. 
This column of vapour ’ is offen of an im-r 
menfe extent j and its length always increafes 
in proportion as the comet approaches nearer 
the fun. Now, as many comets delcend below 
the annual orbit of the earth, it is riot furprifing 
that the earth ftiould fomctiraes be in’frolved in 
this vapour. This dreadful event happened at 
the time of the deluge. The^tail of a comet, 
in two hours, will difcharge a quantity of water 
equal to that contained in the whole ocean, In 
fine, this tail is what Mofes ^alls the cataracts 
of heaven ; the fatara^fs- of heaven were 
ppened. The globe of the earth, when it meets 
with a comet’s tail, muft neceflarily, in its paf- 
fage through this body of vapour, appropriate 
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part of its materials. Every thing that comes 
within the fphere of the earth’s attraction muft 
fall upon it, and muft fall in the form of va- 
pour, fince the' tail itfelf printijy|ally confifts o£ 
that element. In this manner, ^ain may come 
from the heavens in fuch torrents, as to produce 
an univerfal deluge, and to furmount the tops of 
the higheft mountains. 

Our author, however, unwilling to go beyond 
the letter of the facred writings, does not afcribe 
the deluge to this rain alone, which he has cho-^' 
fen to luring from fo great a diftance. , He takes 
advantage of water wherever he can find‘ it : 
The great abyfs, as we have feen, contains a 
confiderable quantity. The earth, in-its approach 
towards the comet, would feel the force of its 
attraction ; the waters in the great abyfs would 
be fo agitated with a motion fimilar to that of 
the tides, as would neceflarily break the (hell or 
cruft in many places, and make the water rufli 
out upon the furface ; j/ind the fountains of the 
abyfs •there opened. 

But how, it may be afked, was this vaft col- 
lection of water, fo liberally furnifhed by the 
great abyfs, and by the comet’s tail, afterwards 
difpofed of? Our author is not embarrafled by 
this circumftahce. As foon as the earth eftaped 
from the comet, the flux and reflux of the great 
abyfs neceflarily ceafed. From that moment the 
waters on the furface rushed down with vio- 
Igfjce 'by the fame ch^pueh out of which they 

had 
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had iflued. The great abyfs fwallowed up not 
only its own water, but all that had been dfepo- 
fited by the comet, which it was fuiEciently en- 
abled to contain j becaufe, during its agitation, 
and when it cruft, it had greatly en- 

larged its diinenftons, by pufhing the earth far- 
ther frorn it on all fides. It was at this time, 
likewif^j, that the earth, which was formerly a 
^here, airumed its elliptical figure. Tlhis effe<3: 
was produced by the centrifugal force occafion- 
ipi by the diurnal motion of the earth, and by 
the attradkion of the comet ; for the earth, when 
palling through the tail of the comet, w'as fo fi- 
tiiated, th^t its equatorial parts were neareft that 
ftar ; and, of courl'e, the power of the comet’s 
attradion, concurring with the earth’s centrifu- 
gal force, elevated the equatorial regions with 
the greater facility, becaufe the cruft was broken 
in an infinite number of places, and becaufe the 
flux and reflux of the abyfs pulhed more vio- 
lently againft the equator than any where el fe. 

This is the hiftory Mr. Whifton gives of the 
creation, of the daufes of the univerfid deluge, 
of the longevity of the Antedeluvians, and of 
the figure of the earth. All thefe difficult fub- 
jeds feem to have given our author very little 
trouble. But he appears to be greatly puzzled 
concerning Noah’s ark. In that dreadful confu- 
fion, produced by the conjundion of the tail of 
n comet, and by the^waters of the great abyfs, 
and in that horrible period, when not only 

the 
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the elemfettts ojf this globe were confountled, 
but when the heavens concurred with the, how- 
efs of the e?,rth fti proliicing new elements to 
incfeafc the chaos, how is it tcv be imagined that 
the ark could flhat tranquilly, v^h its nume- 
rous and valuably cargo, upon the furface of the 
vraves ? Here^our author llfuggles hard, in or-* 
dcr to account fcr the prefervation of the ark. 
But, as his reafoning upon this lubjedi; appears 
to be inconclufive, ill- imagined, and heterodox, 

I (hall only obferve, how hard it is for a man, 
who had explained pb^edls fd great and furprif- 
ing, without having recourfe to a fupernatural , 
power, to bp flopped in his career by a trifling 
circumftance. .But h^ghoofes to rilk drowning 
himfelf along with the ark, rather than to 
aferibe the prefervation of this precious veflTel to 
the interpoGtiori of the Almighty ! 

I (hall only make a Angle remark upon this 
fyftem, of which I have given a faithful abridge- 
ment. Whenever men arc fo prefumptuous as 
to attempt a phyGcal explan.atIon of theological 
truths ; whenever they allow themfelves to in- 
terpret the facred text by views purely hu- 
man ; whenever they reafon concerning the y?ill 
of the Deity, andr the execution of his decrees; 
they muft necelTarily involve -themfelves in ob- 
feurity, and tumble into .a chaos of confufion, 
like the author of this whimfleal fyftem, which, 
notwithflanding all jts abfurdities, has been re- 
ceived 
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ccived with great applaufe. Whifton nei‘< 

ther doubted of the truth of the deluge, nor of 
the authenticity of the !lcrcd Writings, ©utj ls 
phyfics and aftronomy occupied his principal 
attention, he tniftook paflages 8f holy writ for 
phyfical fa^s, and. for refuhs^of aftrqnomical 
©b^rvations j and fe ftrangely jurpbled divinity 
with human fcience, that he h^i given , birth to 
the moft extraordinary fyftem that perhaps ever 
did or ever will appcM-.® 
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A'R T I C L E III. 

Of Burners ‘Theory 

M r. Burnet is the firft author who difco- 
vered enlaS^ed views of the prefent fub- 
je£t, and who treated of it in a fy Hematic manner. 
He was a mam of .genius and of tafte : His work 
acquired griat reputation, and was of courfe, 
criticife^ by many of the learned, and, among 
others, by Mr. Keill, who fcrutinizing the fub- 
jed as a geometer, demonftrated the errors of 
Burnet’s tlj^eory in a treatife entitled. An exami- 
nation of the theory of tJx Earth, Mr. Keill 
likewife refuted the fyflem of Whifton ; but he 
treated the latter in a manner very different 
from the fo?tner. He’ even appears, in many 

* Thomas Boriflt. Telluris theoria facra, orbis noftri originem 
at motationes geoeraies, quas aut jam fabiit, tot olim rubitoroi 
eft, compleAeha. Lohdini 1681. . 

particulars, 
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pai^iciAars, to adopt the opinions of Whifton } 
and #6nfider$, the notion, that the deluge was 
occafioned by the tail of a comet as exceedingly 
probable. But, to return to Burnet : His book 
is written with elegance. He knows how to 
paint the grandeft images and ^he nioft magni- 
ficent fcenes. His plan is elevated; but, being 
defeftive in proper materials, he often fails in 
tlste execution. His reafbnings and his proofs 
are feeble ; but the boldnefs with which he 
writes makes the reader lofe fight of all his im- 
perfections. 

He begins with alleging, that the earth, be- 
fore the deluge, was very different from what 
it isS now. It was at firft, fays he, a fluid mafs, 
compofed of matters of every fpecies, and of all 
kinds of figures, the heavieft qif which defcend- 
ed t<^ the centre, and formed a ftard and fplid 
body. The waters took their ftatiph' round this 
body ; and all lighter fluids rofb abaje the water. 
Thus, between the coat of air, and that of water, 
a coat of oily matter was interpofed. ‘ But, as 
the air was then full of^impurities, and contain- 
ed great quantities of earthy particles', thefe gra- 
dually fubfided upon the coat or ftrai^m of oil, 
and formed a cruft ddmpofed pf earth and oil : 
This cruft was the firft habitable^art of the earth, 
and. the fi||ft abode of ipan and other animals. ' 
The lan4;^hus formed was fat, and 
adapt cherifli the tendernds^^fe^the origi- 
nahi^fms. The furface of eaft^ was level 

and 
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and uniform, without mountains, feas, or other 
inequalities. But it remained in tl^s ftate About 
fixteen centuries only ; for the heat of the fun 
gradually drying the cruft, produced, at firft, 
i'uperficial filTures or cracks only ; but, in pro- 
cefs of time, thefe fiflures penetrated deeper, and 
increafed lb much in their dimenlions, that, at 
laft, they entirely perforated the xruft. In an 
iuilantj.the whole earth fplit in pieces, and fell 
into the great abyfs of waters which it former- 
ly furrounded. This wonderful event was the 
univerfal deluge. * 

But all thefe mafles of earth, in falling intb 
the abyfs, ^ carried along with them vaft quanti- 
ties of air, and they dalhed againft each other, 
and accumulated and divided fo irregularly, that . 
great cavities filled with air vrere le|t between 
them. The waters gradually opened palTages 
into thefe cavities, and, in proportion as the ca- 
vities were filled With the water, the furface of 
the earth began, to difeover itfelf in the moft 
elevated places ; and, at laft, the waters appeared 
no where but in thofe extenfive valleys which 
contain the oceap. Thus our ocean is a part of 
tlic ancient abyfs ; the reft of it remains in the 
internal cavities, with which the fea has ftill a 
commutucation. Iflands and fea-rocks are the 
fmall fragments, and continents are the large 
mafles of the ancient cruft. As both the rupture 
and fall of this cruft were efFe<fted in a fudden 
and confufed manner, it is not furprifing that 
3 . the 
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the furface of the prefent earth ihould full 
of mountain^ gulfs, plains, and irregularities 
<tt every kind 

This Ipecimen is iufiicieril to gif e an idea of 
Burnet’s lyftem. It is an elegant romance, a 
book which may be read for amufement, but 
cannot convey any inftrujftion* The author was 
ignorant of the chief -^phsenomena of the earth, 
and a ntan of no obfervation^ He has drawn 
every thing from imagination, which often ads 
both againil: truth and reafon. 
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ARTICLE IVi 

Of the S^em of Woo^I-ward 

O F this author it may be faid, that he want- 
ed to build an immenfe edifice upon a 
foundation lefs firm than fand, and to conflfud; 
a world with duft j for, he afferts, that the earth, 
at the tijue of the dduge, fuffered a. total diflb- 
lution. In perufing his book^ the firftidea which 
prefents itfelf is, that this difiblutipn was effei^ed 
by the waters of the great abyfsi He alleges, 
that, at the command of God, the|&yf8 fudden- 
ly opened, and difiiifed fuch an enbrraous quan<^ 
tity of water on th^ furface, as .was fufficienfr 
to cover the^ tops of the higheft mountains 

■ ■ '■'■■■Ifi- 

* An EfTay towards the Natsii^al Hillory of the Eait^a by 
John Woodward# 
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that God fufpended the law of cohefion, which 
jnftantly reduced every folid fubftance into a 
ipowder, &c. He did not confider, that, by 
thefe fuppofitions, he added to the miracle of 
' the univerfal deluge many other miracles, or, 
at leaft, phyllcal impollibilities, which accord 
neither with the fcriptures, nor with the prin- 
ciples of mathematics and of natural philofophy. 
But as this author has the merit of colledting 
many important, obfervations, and as he knew 
better than any forftfer writer the materials of 
which the globe is compoied, his fyftem, though 
ill conceived and worfe arranged, has feduced, 
by the luftre of a few ftriking fa<Sls, many weak 
men into a belief of his general conclufions. 

We lhall now give a ihort view of his theo- 
ry, by which we will be enabled to do juftice to 
the merit of the author, and put the reader in 
a condition to judge of the futility of his fyf- 
tem* 2 ind of the falfebood of fome of his remarks. 
Mr. Woodward informs us, that he recognifed 
with his own eyes all the materials of which 
the earth in England is compofed, from the fur- 
face to the gj^ateft depths that had been dug j 
that they were aft difpofed in beds, or ftrata j 
and that, in many of thefe beds, there are fliells 
and other productions of the fea. He then 
^^dds, that he w£© alTured by his friends and cor- 
rei^tjndents, that'in all the other countries of the 
world,'the earth was compofed of the fame ma- 
terials; and that fhells are found, not only in the 

plains. 
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plains* and in feme particular parts, but on the 
higheft mountains, in the deepeft pits, and in an 
infinite number of different places. He obferved, 
that the beds were all horizontal, and placed 
over each other, like matters tranfported by the 
waters, and depofited in the form of fediment. 
Thefe general remarks, which are founded in 
truth, are followed with fome particular obfer- 
vations, by which he demonftrates, that the fof- 
fil (hells incorporated with the llrata are real fe%- 
(liells, and not peculiar minerals, or Ittfus na* 
turay &c. * 

To thefe obfervations, though partly made 
before him, he has added others of a more fuf- 
picious nature. He afferts, that the materials of 
the different ffrata are arranged according to 
their fpecific gravities. This affertion is not 
confiftent with truth : For we every day fee 
folid rocks placed above clay, fand, pit-coal, bi- 
tumen, and other comparatively light bodies. 
If, indeed, it were uniformly found, through 
the whole earth, that the upper ftratum was bi- 
tumen, followed fucceflively by ftrata of chalk, 
marl, clay, fand, ftbne, marble, and metals, 
it would, in that cafe, be probable that all thofe 
materials had been precipitated at once : And 
this our author affirms with confidence, though 
the moft fuperficial obferver needs only his eyes 
to convince him, that heavy ftrata are often 
found above light ones ; and, confequently, that 
thefe fediments could not be depofited at the 
lame tim^^ but muft have been traniported and 
; H 2 . depofited 
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depofited by the ocean at fucceffive periods. As 
this is the foundation of Wood.ward’8 fyftem, 
and is mahifeftly falfe, we (hall follow him no 
farther than to fliow how an erroneous prin- 
ciple produces falfe relations and bad conclu- 
iions. 

All the ftrata which compofe the earth, fays 
our author, from the tops of the higheft moun- 
tains to the deepeft mines, are placed according 
to their refpedtive fpecific gravities. lienee, he 
concludes, the whole muft have been in a ftate 
of diffolution, and precipitated at the fame time, 
l^ut at what time, in what menftruum, was it 
diflblved ? In the water, fays Mr, Woodward, 
and at the time of the deluge. But there is not 
water enough on the globe to produce this ef- 
fed ; for there is more earth than water ; and 
the bottom of the fea itfelf is earth. Very well, 
he replies ; But there is enough of water in the 
central parts of the earth ; and nothing more 
was wanting than to bellow on it the power of 
diflblving every terreftrial fubftance, except fea- 
fhclls ; to find a proper method of making the 
waters return to’ the abyfs ; and to make all 
this correfpond with the hiftory of the deluge. 
Behold a fyftem, of which the author could 
n%t prevail on himfelf to form a doubt ; for, 
"when it was objeded to him, that water could 
not diflblve water, rocks, and metals, efpeci- 
ally in forty«days, the time of the waters re- 
maining on the earth ;* he replied fimply, that 
the event, however, did happen. When it was 

demanded 
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demanded of him, how the waters of the abyCs 
could diflolve-the whole earth, and yet preferve 
tlie /hells? He anfwered, that he never proved 
that this water was a diflblvent j but that, from 
fafts, it was clear that the earth had been dif- 
folved, and that the /hells were pi'eferved. Laft- 
!y, When it was demonftrated to him, that his 
fy/lenj was ufelel's, as it was neither fupported 
^by reafon nor by fa£ts, he faid. We had only to 
fuppofc that, at the time of the deluge, the laws 
of gravity and of cohefion were fuddenly /lop- 
ped, and, upon this fupjiofition, the di/lblution 
of the ancient world admitted of an eafy expla- 
nation. But, it wss obferved to hirn, if the force 
of cohefion was fufpended, Why were not the 
Hiells dilTolved along with the reft ? Here he gave 
a harangue on the organization of /hells and of 
animal bones, tending to prove that their tex-» 
ture was fibroys, and different from that of mi- 
nerals ; that their cohefion was likewife differ- 
ent ; and that, after all, we have only to fuppofe 
that the powers of gravity and of cohefion did 
not entirely ceafe, but that they were dimipi/hed 
to fuch a degree, as enabled therp to di/Tolve the 
parts Qjf minerals, but not thbf? of animals. I 
/hall (fcnclude with remfirkjng, that our author’s 
phik)fophy was not equal to his talent for obfer- 
vanon ; it is therefore unnece/Tary to give a for- 
■ mal refutation of abfurd notions, efpecially when 
they proceed upon coryebtures which are con- 
trary both to the laws of probability and of me- 
chanics. 

H3 
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ARTICLE V. 

Examination offome other Sterns. 

T H E three hypothefes formerly animad- 
verted upon have many things in com- 
mon : They all agree in this, that, at the time 
of the deluge, both the external andxinternal 
form of the earth was changed. But none of thefe 
theorifts confidered, that the earth, before the de- 
luge, was inhabite,5 by the fame fpecies of men 
and animals ; and,confequently, that it mui^ have 
been nearly the lame, both in figure andftrudure, 
asj it is at prefent. We are informed by the faciied 
waitings, that, before the deluge, there were ri- 
vers,’ feas, mountains, and forefts; that moft of 
thefe mountains and rivers remained nearly in 
their former fituation; the Tigris and Euphrates, 

for 
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for example, ran through Paradife ; that the Ar- 
menian mountain on which the ark relied, was, 
at the deluge, one of the higheft mountains of 
the earth, as it is this day ; and that the fame 
plants and the fame animals, which inhabited the- 
earth before the deluge, continue ftill to exift ; 
for we are told of the ferpent, of the crowj and 
of the pigeon that carried the olive-branch into 
the ark. Tournefort indeed alleges, that there 
are no olives within 400 leagues of Mount Ara- 
ret, and affedts to be witty on this head. It is, 
however, indifputable, that there were olives in 
the neighbourhood of this mountain at the time 
of the deluge ; for Mofes aflures us of the fadt 
in the moll exprefs manner. Befides, it is not 
furpriling, that, in the courfe of 4000 years, the 
olives fhould be extirpated in thefe provinces, 
and multiplied in others. It is, therefore, con- 
trary both to feripture and reafon, that thefe au- 
thors have fuppofed the earth, before the deluge, 
to have been totally different from what it is 
now ; And this oppofition between their hypo- 
thefes and the facred writings, as well as found 
philofcl|phy, is fufficient to diferedit their fyftems, 
alihoygh they fhould correfpond with fome 
pha^omena *. Burnet, who wrote firft, gives 
ndfflier fads nor obfervations in fupport of his 
^ij^em. Woodward’s book is only a fhort ef- 
fay, in which he promifes much more than he 
was able to perform ; it is only a projedt, with- 

See Voyage da Levant, vqI. ii. p. 3j|6, 

H4 
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out any degree of execution. He makes ufe of 
two general remarks, i. That the earth is every 
■where compofed of materials which had for- 
merly been in a ftate of fluidi^, and which had 
been depofited by the waters in horizontal beds, 
a. That, in the bovgels- of many parts of the 
earth, there are an infiilite number of fea-bodies. 
To account for thefe fa6;s, he has recourfe tq 
the univerfal deluge ; ■or rather, he appears to 
employ thefe as proofs of the deluge. But, like 
Burnet, he falls intp evident contradidlions j for 
.it is abfurd to fuppofe, wit'h thefe authors, that, 
before the deluge, there were no mountains, 
lince we are exp^fsly told, that the waters rofe 
15 cubits abo^ve the tops of the higheft moun- 
tains. On the other hand, it is not faid that 
the waters deftroyed or diflblved the mountains, 
In place of this extraordinary diffolution, the 
mountains remained firm in their original fitua- 
tions, and the ark refled upon the one which 
was firft deferted by the waters. Befldes, it is 
impofliblf to imagine,' that, during tb-; Ihort 
time the deluge continued, the waters could dif? 
folve the mountains, and the whole fabric of th^ 
earth. Is it not ^bfurd to fuppofe, that, '■in the 
fpace of forty days, the hardeft rocks and m ine- 
rals were diflblved by fimpl# water ? Is it not 
a roamfeft contradiction to admit this total dV- 
and yet to maintain that (hells, bones, 
3 other productions of the fea, were able to 
ill a qenftri^pvn to which the moft folid ma- 
terials 
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terlals had yielded ? Upon tlie whole, I cannot 
hefitate in pronouncing, that Woodward, though 
furniftied with excellent fa(3:s and obfervations, 
has produced but a weak and inc’Snfiflent theory. 

Whifton, who wrote laft, has greatly im- 
proved upon the other two ; and, though he 
has given loofe reins to his imagination, it can., 
not be faid that he falls into contradiction. He 
advances inany things which are incredible ; hut 
they are neither abfolutcly nor apparently iin- 
poffible. As we are ignorant of what materiatt 
the cefttre of the earth is compofed, he thinks 
hinafelf intitled to fuppofe it a folid nucleus, 
furroundcd with a ring of heavy ^fluid matter, 
and then follows a ring of water, »«pon which 
the external cruft is fupported. In this ring of 
water, the dilFcrent parts of the cruft funk mpre 
or lefs in proportion to their gravities, and gave 
rile to mountains and inequalities on the furface 
of the earth. But our aftronoiner here commits 
a blunder in mechanics. He confidered not, 
that th^ earth, on this fuppofition, muft h^ve 
formed one uniform arch ; and, confequently, 
that it lould not be fupported by the water, and 
far ley coqld any part of this arch fink deeper 
thanianother. If this be excepted, I doubt whe- 
th^he has fallen into any other phyfical blun- 
: He has, however, committed many errors 
30th in metaphyfics and theology. Inline, it 
pannot be denied abfolutply, that the earth, iip 
pjeeting with the tail of a comet* would be de- 
luged, 
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luged, efpeciaily if it be allowed to the author, 
that the tails of comets contain watery vapours. 
Neither is it ahfolutely impoflible, that the tail 
of a comer, in returning from its perihelion, 
ihould burn the earth, if we fuppofe, with Mr. 
Whifton, that the comet palled very near the 
fun’s body. The fame obfervations may be made 
upon the reft of hia fyftem. But, though his 
notions be not abfolutely impoflible, when ta- 
ken feparately, they are fo exceedingly impro- 
Bable, that the whole aflemblage may he regard- 
ed as exceeding the bounds of human credulity, 
Thefe three are not the only books which have 
been written, upon the theory of the earth. In 
1729, M. Bourguet publilhed, along with his 
Fbilofophkal Letters on the formation of Salts ^ 
a memoir, in which he gives a fpecimen of *4t 
fyftem which he had projedled ; but the execu- 
tion of it was prevented by the death of the au- 
thor. It muft be acknowledged, that no man 
was more induftrious and acute in making ob- 
fcrvations, and in coHeding fads. To him we 
are indebted for remarking the correfpt^ndence 
between the angles of mountains, whick is the 
chief key to the theory of the earth, ife ar- 
ranges the materials he had collejded in thd/beft 
order. But, with all thefe advantages, it is J'>'o- 
bable, that he would not have fucceeded in gi“'- 
ing a phyfical hiftory of the changes which have 
happened in the earth j and he appears not to 
. have difcpvered thq caufes of thofe effeds which 

he 



OTHER THEORIES 123 

he relates. To be convinced of this remark, we 
have only to take a view of the propofitions he 
deduces from thofe phajnomena which muft 
have been the foundation of his theory. He 
fays, that the earth was formed at once, and not 
fucceflively; that its figure and difpofition de- 
monftrate that it was formerly in a fluid ftate ; 
that the prefent condition of the earth is very dif- 
ferent from what it was fome ages after its firft 
formation j that the matter of the globe was 
originally more foft^than after its furface was 
changed; that the condenfation of its folid parts 
diminilhed gradually with its velocity ; fo that, 
after a certain number of revolutions round its 
own axis, and round the fun, its original flruc- 
ture was fuddenly diflblved ; that this happened' 
at the vernal equinox ; that the fea-lhells infi- 
nuated themfelves into the dilfolved matters ; 
that the earth, after this diflblution, afliithed its 
prefent form ; and that, as foon as the fire or 
heat operated upon it, its confumption gradually 
began/ and, at fome future period, it will be 
blownlup with a dreadful explofion, accompa- 
nied with a general conflagration, which will 
augnr/nt the atmofphere, and diminilh the dia- 
met^ of the globe j and then the earth, in place 
of^rata of fand or clay, will confift only of 
'ds of calcined materials, and mountains com- 
^oj^d of amalgams of different metals. 

/ 'This is a fiifficient view of the fyftem which 
M, Bqurguet defigne^ to cpmpofe. l^o guefs at 
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the pafl., and to predidl the future, nearly in the 
lame manner as others have guefled and predi<9:- 
ed, requires but a fmall effort of genius. This 
author had more erudition than found and ge- 
neral ideas. He appears not to have had the 
capacity of forming enlarged views, or of com- 
prehending the chain of caufes and effects. 

- In the Leipflc Tranfaftions, the celebrated 
Leibnitz publiflied a (ketch of an oppofite 
fyftem, under the title of Protogrea. - The earth, 
according to Bourguet an^ others, was to be 
confumed by fire. But Leibnitz maintains, that 
it originated from fire, and that it has under- 
gone innumerable changes and revolutions. At 
the time that Mofes tells us the light was divid- 
ed from the darknefs, the greateft part of the 
earth was in flames. The planets, as well as the 
earth, were originally fixed and luminous ftars- 
After burning for many ages, he alleges, that 
they were extinguifhed from a deficiency of 
combuftible matter, and that they became opaque 
bodies. The fire, by melting the matter'- pro- 
duced a vitrified cruft ; and the bafis of ^11 ter- 
reftrial bodies is glafs, of which fand anf gra- 
vel are only the fragments. " The other ^cies 
df earth refulted from a mixture of fand vith 
w^^ft^^and fixed falts ; and, when the cruft n^d 
^^red, the moift particles, which had been ele\ 
,Pited in the form of vapour, fell down, 
^formed the ocean. Thefe waters at firft covers 
^ the whpje furface, and even overtopped the 
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iiigheft mountaias. In the eftimation of this 
author, the flaells, and other fpoils of the ocean, 
which every where abound, are indelible proofs 
that the earth was formerly covered with tlie 
fea ; and the great quantity of fixed falts, of 
fand, and of other melted and calcined matter’s 
lliut up in the bowels of the earth, demonftratc, 
that the conflagration had been general, and that 
it had preceded the exiftence of the ocean. 
Thefe ideas, though deftitute of evidence, are 
elevated, and bear confpicuous marks of inge- 
nuity. The thoughts'haVe a connection, the hy- 
pothefes are not iinpoflible, and the conlequen- 
ces which might be drawn from them are not 
contradictory. But the great defeCl of this theory 
is, that it applies not to the prefent flate of the, 
earth. It only explains what palled in ages, fo 
remote, that few veftiges remain j a man may, 
therefore, affirm what he pleafes, and \vhat he 
fays will be accompanied with more or lefs pro- 
bability,' in proportion to tlie extent of his ta- 
lents. -To maintain, with Whifton, that the 
earth was originally a comet, or with Leibnitz^ 
that it| ■was a fiin, is to aflert what is equally 
poffil)l4 or impoffible ; it W'ould, therefore, be 
ridic.'iuous tg inyeftigate either by the laws of 
prwiability. The inttantaneous creation of the 
^rld deftroys the' notion of the globe’s being 
Soared with the ocean, and of that being the 
l^fmbn why f^-fhells are fo much diftufed 
through different parts of the earth j for, if that 

^ had' 
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had been the cafe, it muft of necefGty be allow- 
ed, that fhells, and other produdibns of the 
ocean, which are ftill found in the bowels of 
the earth, were created long prior to ttiati, and 
other land-animals. Now, independent of fcrip- 
ture-authority, is it not reafonable to think that 
the origin of all kinds of animals and vegetables 
is equally ancient ? 

M. Scheutzer, in a diflertation addrefled to 
the Academy of Sciences in 1708, attributes, 
like Woodward, the change, or rather new- cre- 
ation of the globe, to the'deluge. To account 
for the formation of mountains, he tells us, that 
God, when he ordered the waters to return to 
their fubterraneous abodes, broke, with his Al- 
mighty hand, many of the horizontal ftrata, and 
elevated them above the furface of the earth, 
which was originally level. The whole difler- 
tation was compofed with a view to fupport this 
ridiculous notion. As it was neceflary that thefe 
eminences fhould be of a folid conliftence, M. 
Scheutzer remarks, that God only raifed them 
from places which abounded in ftones. jHence, 
fays he, thofe countries, like Switzerla»^d which 
are very ftony, are likewife mountainOu\^j and 
thofe, like Flanders, Holland, Hungary, and, 
land, which are moftly compofed of fandNmd 
clay to great depths, have few or no mouv- 
tains *• 

* VM. Hift. de I’Aad. 1708! p. 32. 
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This author, like Woodward, blends phyfics 
and theology ; and, though he has made fome 
good obfervations, the fyftematic part of his 
work is weaker and more puerile than that of 
any of his predeceflbrs. He has even defeended 
to declamation, and abfurd pleafantries. The 
reader, if he defires to fee them, may confult 
his Pifeium ^erelce^ &c. not to mention his 
Phyjica Sacray confifting of feveral volumes in 
folio, a weak performance, fitter for the amufe- 
ment of children than the inftruftion of men, 

Steno, and fonie Others, have attributed the 
origin of mountains, and other inequalities up- 
on the furface of the earth, to particular inun- 
dations, earthquakes, &c. But the effeds of 
thefe fecondary caufes could produce nothing 
but flight changes. Thefe caufes may co-ope- 
rate with the firft caufe, namely, the tides, and 
the motion of the fea from eafl: to weft. Be- 


fides, Steno has given no theory, nor even any 
general fads, upon this fubjed *. 

Ray alleges, that all mountains have been 
produ|ed by earthquakes, and has written a 
treatife to prove the point. When wre come to 
the amcle of volcano’s, we fliall examine the 
fourjation of this opinion. 

We cannot omit obferving here, that Burnet, 
fhifton. Woodward, and moft other authors, 
a^e fallen into an error which deferves to be 
^*dified. They uniformly regard the deluge as 

* Vide Dii&rt. de SoHdo ihtra Solidum na^o. &c.' 
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an eSe£t within the compafs of natural caufes^ 
although the fcripture reprefents it as an imme- 
diate operation of the Deity; It is beyond the 
power of any natural caufe to produce oii the 
iiirface of the earth a quantity of water fufficient 
to cover the higheft njountains : And, although 
a caule could be imagined adequate to this ef- 
fect, it Would ftill be impolTible to find another 
caufe capable of making the waters difappear. 
Granting that Whiftoh’s water proceeded from 
the tail of a comet, we deny that any of them 
could iflue from the abyfs,or that the whole could 
jreturn into it j for the abyl's, according to him, 
was fo environed and ppelfed on all fides by the 
terreftrial cruft, that it was iinpoffible the comet’s 
attratftion could produce the leaft motion in the 
fluid it contained, far lefs any motion refem- 
bling the tides : Hence, not a Angle drop could 
either proceed from, or enter into, the great 
abyfs. Unlefs, therefore, it is.fuppofed, that 
the waters which fell from the comet were an- 
nihilated by a miracle, they would for evj^r have 
remained on the furface, and covered t^e toj^s 
of the higheft mountains. The impoflil ility bf 
explaipng any ,effe(3: by natural caufes,vis the 
moft eflential charadter^ of a miracle. OV au- 
thors have made feveral va,in efforts to acc^int 
for the deluge. Their errors in phyfics, anff ;n 
the fecondary caufes t]^y employ, prove thk 
truth of tfie fa^ as related in fcripture, and'ti^j'- 
monftratei that" the univeifal deluge could hot be 
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accompliftied by any other caufe than the will 
of the Deity. 

Befides, it is apparent, that it Was not at one 
time, nor by the fudden effedl: of a deluge, that 
the fea left uncovered thofe continents which 
we inhabit: it is certain, from the authority of 
fcripture, that the terreftrial Paradife was in 
Afia, and that Afia was inhabited before the de- 
luge; confequently, the waters, at that period, 
covered not this large portion of the globe. 
The earth, before the deluge, was nearly the 
fame as now. This enormous quantity of wa- 
ter, poured but by Divine juftice upon guilty 
men, deftroyed every living creature ; but it pro- 
duced no change on the.furface of the earth ; 
it deftroyed not even the plants ; for the pigeon 
returned to the ark with an olive branch in her 
bill. 

Why then fhould we fuppofe, with many na- 
turalifts, that the waters of the deluge totally 
changed the furface of the globe, even to the 
depth of two thoufand feet? Why imagine that 
the deluge tranfported thofe fhells, which are 
found Sjji the depth of feven ' or eight h ^d red 
feet, iiyinetlfed in rocks and in marble? re- 

fer to, this event the formation of hills and moun- 
tain^ And how is it poffible to imagine, that 
t^ waters of the deluge tranfported banks of 
r^ell^of too leagues in length? 1 perceive not 
h^w they can peariift in this opinion, unlefs they 
admit a double miracle^ one to create water, and 
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another to tranfport (hells. But as the firft only 
is fupported by holy writ, I fee no reafon for 
making the fecond an article of faith. 

On the other hand, if the waters of the de- 
luge had retired fuddenly, they would have car- 
ried off fuch immenfe, quantities of mud arid 
foil, as would have rendered the land unfit 
for culture till many ages after this inunda- 
tion. In the inundation v/hich happened in 
Greece, the country that was covered remained 
barren for three centuries*. Thus the deluge 
ought to be regarded as a fupernatural mode of 
chaftifing the wickednefs of men,‘''riot as an ef- 
fect proceeding from any natural caufe. The 
univerfal deluge was a miracle, both in its caufe 
and in its eii'eds. It appears from the facred 
text, that the foie defign of the deluge was the 
deftrudion of men and other animals, and that 
it changed not in any manner the furface of the 
earth ; for, rTfer the retreat of the waters, the 
mountains, and even tire trees, kept their for- 
mer ftations, and the land was fuited for the 
culture of vines and other fruits of t^e earth. 

It n^ht be afked, if the earth was diffblved in 
the * ters, or, if the waters were fo niv^tch agi- 
tated as to tranfport the (hells of India in^o Eu- 
rope, how the fi(hes, which entered no< into 
the ark, vrere preferved ? \ 

The notion, that the (hells were tranfj>prib4^‘ 
and left upon the land by the deluge, is thi'^^e- 

• • Vi4e erudit. Lipf. 1691, p. 100. 
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fteral opinion, or rather fuperftition, of natural- 
ifts. Woodward, Scheutzer, and others, call 
petrified fhells the remains of the deluge; they 
regard them as medals or monuments left us by 
God of this dreadful cataftrophe, that the me- 
morial of it might never be effaced among men. 
Laftly, they have embraced this hypothefis with 
fo blind a veneration, that their only anxiety is 
to reconcile it with holy writ; and, in place of 
deriving any light from obfervation and experi- 
ence, they wrap themfelves up in the dark clouds 
of phyfical theology, the obfcurity and littlenefs 
of which derogate from the fimplicity and dig- 
nity of religion, and prefent to the fccptic no- 
thing but a ridiculous medley of human conceits 
and divine truths. To attempt an explanation 
of the univerfal deluge and of its phyfical caufes; 
to pretend to give a detail of what palled during 
this great revolution ; to conjedlure what effedts 
have refulted from it ; to add fadts to the facred 
writings, and to draw confequences from thefe 
interpolaSons; is not this a prefumptuous de- 
fire of ff‘anning the power of the Almighty? 
The natu'ral wonders wrought by his bene%ent 
hand, ir/ a uniform and regular manner, are al- 
together incomprehenfible ; his extraordinary 
operations, or his miracles, ought, therefore, to 
imprefs us with an awful aftonilhment, and a 
^lentprelpedt. 

r ^It may ftill be urged, that, as the univerfal de- 
‘ luge is an eftablilhed fadt, is it noj lawful to fta- 
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fon upon its confequences? True. Butyonmnft 
commence with acknowledging, that the deluge 
could not poffibly be the effect of any phyfical 
caufej you muil; regard it as an immediate 
operation of the Deity; youmuft content your- 
felf with what is recorded in fcripture; and 
you muft, above all, avoid blending bad philo- 
fophy with the purity of divine truth. After 
taking thefe precautions, which a refpedl for the 
counfels of the Almighty requires, what remains 
for elimination upon the fubje£l: of the deluge ? 
Do the facred writings tell us that the moun- 
tains were formed by the deluge ? They tell ua 
the reverie. Do they inform us that the agita- 
tion of the waiters was fo great, as to raife the 
fhells from the bottom of the ocean, and to dif- 
perfe them over the face of the earth? No; The 
ark moved gently on the furface of the waters. 
Do they tell us, that the earth fudered a total 
diflblution ? By no meaner The narration of the 
iacred hiftorian is litnpleand true; tha|: of natu- 
rfdifts is coxnpUited and £tbalous. 
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THEORY OF THE EARTH. 


A R T I C L E VI. 

Geography, 

T H E furface of the earth is not, like that 
of Jupiter, divided into alternate bands or 
belts, parallel to the equator. On the contrary, 
it is divided, from one pole to the other, into 
two belt^ of earth, and tWb of fea. The firft 
and principal belt is the ahcient Continent, the 
greatefl length of which is a line commencing at 
the moft eallern point of the north of Tartary, 
and extending from thence to the neighbour- 
hood of the gulf of Linchidolin,. where the 
Ryilians filh whales ; from thence to Tobollki ; 
♦vrom Tobollki to the Cafj^n fea; from the Caf- 
pi&n fea to Mecca; from Mecca to the weftern 
part of the country inhabited by the .Oalli in 
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Africa ; ' from thence to Monoemuci, or Mono- 
motapa ; and, laftly, to the Cape of Good Hope. 
This line is about ,3600 leagues in length, and is 
never interrupted but by the Cafpian and the 
Red Seas, the breadth of which is inconfider- 
able, and ought not to be regarded, efpecially 
as, like bur- feafons, the whole furface of the 
^lobe is divided into four parts only. 

This greatell length of the Old Continent lies 
in a diagonal line j for, if meafured by a meri- 
dian, it will appear, that,^-om the northernnioft 
point pi .Lapland to the Cape^'bf Good Hope, 
exceeds not 2500 leagafs ; and that this line, 
though fhorter, meets !M'ith greater interruptions 
ffom^the Satt|^A pid Mediterranean. With re- 
gard to all other lipes which could be drawn un- 
der the fame nvendians in the Old Continent, 
they%iuft Hill be fliorter than thofe we have 
mentioned. For example, from themoft foutU- 
ern point of t)he hSaird of Ceylon to the north- 
ernmbft co^ of No^^2lembla, is 1800 leagues. 
In thb fai|e.manhefi''8Mhe Continent b^ meafur- 
ed by lines p^allel td^^^^ ity greateft 

length, without mueh interruption by feas, will 
ftretch from Trej|iiQ^ on the vveft coaft of Africa, 
to Ninpp, on tnh eaft coall^ of China, which 
is about 2800 leagues. jA^^nbth& line may begin 
np^Sreh:, and exteW ^ the coaft of Chinefe 
•hrtary, which “wilb;be neaiiy 2300 leagiies> 
From Bergen in Norway, to the coaft of Kat^iW. 
fthatka^ps; onl^ 1800 leagues: All thele lines * 

* are 
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are much fhorter thaa the firft. Hence the 
greateft length of the Old Continent extends 
from the eaftern poinii; of Tartary to the Gape 
of Good Hope, and is about 3600 leagues. See 
plate I. 

This line may be confidered as the middle of 
the ancient Continent j for, in meafuring the 
furface on each fide of it, I find, that on the 
left, there are 2,471,092^ fquare leagues; and, 
on the right, there are 2,469,687, which is an 
equality fo aftonifhing, as to render it extremely 
probable that this line, which is the longeft, at 
the fame time really divides the contents of the 
ancient Continent. 

Hence the Old Continent confifts of about 
4,940,780 fquare leagues, which is a fifth part 
of the furface of the globe, and may be regarded 
as a large belt of earth, with an inclination to 
the equator of about 30 degrees. 

The New Continent is another belt of earth, 
the greateft length of which may be taken from 
the mouth of the river Plata to the lake of the 
Afliniboils. This line pafles from the mouth* of 
the river Plata to Lake Caracara ; from thence 
to Mataguais, Pocona, Zongo, Mariana, Mo- 
rua, St. Fe, and Carthagena ; then it pafles 
through the gulf of Mexico to Jamaica and 
Cuba ; from thence along tfie peninfula of Flo* 
rida, through Apalaclie, Chicachas ; and from 
"'thence to St. Louis, Fort le Sueur, and termi- 
nates in the country bordering on Lake Aifini.- 
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boils, the extent of which is unknown. See 
plate II. 

This line is interrupted only by the Gulf of 
Mexico, (which may be confidered as a Medi- 
terranean fea,) is about 2500 leagues in length, 
and divides the New Continent nearly into two 
equal parts, that on the lift containing 1,069,2864. 
leagues fquare,andthaton the right i,o7o,926j-V» 
It is the middle of the belt of land called the 
New Continent, and is l^ewife inclined to the 
equator about 36 degrees, but in an oppofite di- 
reltion; for that of the Old Continent extends 
from the north-daft to the Ibuth-weft ; but that 
of the New Continent from north-weft to fouth- 
eaft. The fuperficial contents of the Old and 
New Continents are about 7,080,993 fquare 
leagues^ not near a third part of the furface of 
the globe, which contains 25,000,000 I'quare 
leagues. 

Of thefe lines, which divide the Continents 
mtp two equal parts, it may be remarked, 
that they both terminate at the fame degrees of 
north and fouth latitude; and that the two Con- 
tinents make mutual advances,; or projedions, 
exadly oppofite to each other; namely, thofe on 
the African coaft,. from the Canary Ifles to Gui- 
ney ; fttofe of America, from Guiana to 
the of the l^p«janeiro. 

I^s, therefore, apparent, that the moft ancient 
iah^S on the globe are thofe which extend from 
;|pb to 250 leagues on each fide of the two lines 

above 
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above defcribed. Agreeable to this idea, which 
is founded on the obfervations already made, we 
find that, in the Old Continent, the moft an- 
cient countries of Africa are thofe which ftretch 
from the Cape of Good Hope to the Red Sea 
and Egypt, and are about 500 leagues broad; 
and, coafequently, that the whole weftern coaft 
of Africa, from Guiney to the Straits of Gibral- 
tar, are new lands. In the fame manner, if we 
trace this line through Afia, and include an equal 
breadth, we fhall find, that the moft ancient 
countries are, the two Arabia’s, Perfia, Georgia, 
Turcomania, a part of Independent Tartary, 
Circaflia, part of Mufcovy, &c. ; and, of courfe, 
that Europe, and perhaps alfo China, and the 
eaftern part of Tartary, are comparativdy new 
countries. 

In the New Continent, we (hall likewife find, 
that Terra Magellanica, the eaftern part of Bra- 
fil, of the country of the Amazons, of Guiana, 
and of Canada, are new lands, when compared 
with Tucumani Peru, Terra Firma, the iflands 
in the Gulf of Mexico, Florida, the Miffifippi, 
and Mexico. To thefe Obfervations may be 
added two remarkable fadls. The Old and New 
Continents are nearly oppofite to each other. 
The Old Continent extends farther n(^h of the 
equator than fouth ; but the New, farth^r^fouth 
than north. The. centre of the Old Gontipent 
lies in. the i6th or 1 8th degree of north latitude; 
and the centre of the New Contiilept lies in |be 

16th 
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1 6th or i8th degree of foOth latitude, as if 
they were intended to counterbalance each 
other. There is another fingular analogy be- 
tween the two Continents, though it appears to 
be chiefly the effect of accident. Both Conti- 
nents might be divided into two portions, 
which would be furrounded on all lidcs by the 
feaj except the two fmall ifthmus’s of Suez 
and Panama. 

Thefe general obfervations on the divifion of 
the globe are the refult of an attentive furvey. 
We lhall not, upon this foundation, eredl hypo- 
thefes, or indulge in reafonings, which might 
lead to falfc conclufions. But, as the divilion 
of the globe has not hitherto been confidered 
tinder this point of view, I fliall hazard a few 
remarks. It is not a little fingular, that the 
longeft line which can be drawn upon the two 
Continents fliould, at the fame time, divide them 
into two equal parts. It is not lefs remarkable, 
that thefe two lines fliould commence and termi- 
nate at the fame degrees of latitude, and have 
the fame inclination to the equator. Thefe re- 
lations may lead to general conclufions, of which 
we are ftill ignorant. We fliall afterwards exa- 
mine, in detail, the inequalities in the figure of 
the two /Ciontinents, and fliall here only remark, 
that the moft ancient countries fliould be found 
in the neighbourhood of the above lines, and 
ihouid, at the fame time, have the higheft ele- 
vation ; and that the more recent lands fliould 
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be moll remote from thefe lines, and llkewife lie 
lower. Agreeable to this idea, the neweft coun- 
tries in America (hould be the land of the Ama- 
zons, Guiana, and Canada. In examining the 
map of thefe countries, we perceive that they 
are every where divided by numberlefs lakes and 
rivers, which is a ftill ftronger indication of 
their recent origin. On the other hand, the re- 
gions of Tucuman, Peru and Mexico, are high 
mountains, and fituated near the line that di- 
vides the continent ; circumftances which feem 
to prove the fuperior antiquity of thefe coun- 
tries, Africa is alfo extremely mountainous, 
and at the fame time very ancient. In this part 
of the globe, Egypt, Baibary, and the weftern 
coaft, as far as Senegal, can only be cenfidered 
as new lands. Afia is perhaps the moft ancient 
of all countries, efpecially Arabia, Perfia, and 
Tartary. But the inequalities of this great di* 
vifion of the globe, as well as thofe of Europe, 
fliall be treated of in a feparate article. We ftiall 
only remark, in general, that Europe is a new- 
country, as appears from thofe univerfal tradi- 
tions concerning migrations of different nations, 
and the origin of arts and fciences. It is not 
long fince Europe was full of marflies and fo- 
refts. But, in countries anciently "^^nhabited, 
there are fev,r woods, lakes, or marlhd/> J>ut a 
great deal of heath and fhrubs, and many high 
mountains, with dry and barren tops ; for men 
deftroy woods, drain marlhes and lakes, and, in 
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procefs of lime, give an appearance to the face 
of the earth , totally different from that of unin- 
habited or newly-peopled countries. 

A fmall portion of the globe only was known 
to the ancients. The whole of America, the 
Artie Circle, Terra Auftraiis and Magellanica, 
and a great part of the interior regions of Afri- 
ca, were unknown to them. They knew not 
that the Torrid Zone was inhabited, although 
they had failed round Africa. About 2200 
years ago, Neco King of Egypt furnifhed foine 
veffels to the Phoenicians, who failed down the 
Red Sea, doubled the Cape of Good Hope, and 
the third year after their departure they entered 
the Mediterranean by the ftraits of Gibraltar*. 
The ancients, notwithftanding, were totally ig- 
norant of the polarity of the loadftone, although 
they knew its power of attra^iing iron; they 
knew not the caufe of the tides ; and they were 
uncertain whether the ocean furrounded the 
globe. Some of them, indeed, fufpeded that it 
might be fo j but thefe conjedures were fo ill 
founded, that none of them ever dreamed of its 
being polEble to circumnavigate the earth. Ma- 
gellan, in the year 1519, was the firft who at- 
tempted this great voyage ; and he accomplifhed 
i|i| Ii2«^'day8. Francis Drake, in the year 1577, 
i||R tlte fecond ; and he . performed it in 1056 
days. Thomas Cavendifli fet out upon this 
voyage in 1586, and fiuilhed it in 777 days. 

* HeiodotttSa lib. 4. 
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Xhefe celebrated navigators were the firft who 
gave a phyfical demonftration of the fphericity 
and extent of the circumference of the earth. 
The ancients, though they travelled much, had 
no adequate idea of the extent of the globe. 
They were equally ignorant of the trade-winds, 
which are fo ufeful in long voyages. Their li- 
mited knowledge in geography, therefore, 
Ihould not furprife us, efpecially when it is con- 
fidered, that, notwithftanding the advantages 
derived from the mathematical fciences, and 
from the difcoveries of navigators, many points 
remain ftill undetermined, and vaft regions are 
yet undifcovered. Of the countries in the 
neighbourhood of the fouth pole, we only know 
that they exift, and that they are feparated from 
the other continents by the ocean Much, 
likewife, remains to be difcovered concerning 
the lands near the north pole : And it is a fub- 
je£l of regret, that, for a century paft, the ar- 
dour for difcovering new countries has greatly 
abated'. The nations of Europe feem, and per- 
haps they are right, more difpofed to increafe 
the value of thofe countries they have already" 
difcovered, than to acquire new territories. 

The difcovery, however, of the Southern 
Continent would be a grand object o^vcuriofity, 
and might be attended with the greateh 'ad van- 
tages. A few of its coafts have been recognif- 
ed ; but thofe navigators, who have attempted 

* Captain Cooke, in his late voyage^ has demontlrated, in the 
compleceil manner, that no continent exifts near the foutb pole. 
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this difcovery, have always been prevented 
from reaching land by large bodies of ice. The 
thick fogs which infeft thofe feas form another 
obftacfe. But, notvvithftanding all thel'c inconve- 
niencics, it is probable, that, by fetting out from 
the Cape of Good Hope at different feaibns, part 
of this new world might ftill be difeovered 

Another method might, perhaps, be attended 
■with more fuccefs. I’o avoid the fogs and the 
ice, the difcovery might be attempted, by de- 
parting from Baldivia, orforne other port on the 
coafi: of Chili, and traverling the fouth fea un- 
der the 50th degree of fouth latitude. This na- 
vigation appears riot to be hazardous; and it is 
probable that it would be attended with the dif- 
covery of new lands j for the regions about the 
fouth pole, ftill unknov/n, arc fo extenlive, that 
they may be computed to be about a fourth part 
of the globe ; and, confequently, may contain a 
country as large as the whole of Europe, Afta, 
and Africa. 

While we remain ignorant of this part * of the 
e^rth, we cannot determine the proportion the 
furface of the land bears to that of the ocean ; 
from what we do know, it appears that there is 
more fea than land. 

To active an idea of the vaft quantity of 
watet-sii the ocean, we muft fuppofe a medium 
depth, for example, that of aoo fathoms, or the 
fixth part of a league. Upon this fuppbfition, 
there is as much water in the ocean as would be 

fuificient 
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fufiicient to cover the whole globe to the depth 
of 6co feet; or, if colledted into one mafs, it 
would form a globe of 6o leagues in diameter. 

•It is alleged by navigators, that the latitudes 
near the fouth pole are much colder than the 
fame latitudes towards the north. But this opi- 
nion feems to have no foundation. It appears 
to have been adopted from the circumftance of 
ice appearing in latitudes where none is found 
in the northern feas. But this elFedt may be 
owing to fome peculiar caufes. After the month 
of April, there is no i*ce on this fide of 67 or 68 
degrees of north latitude ; and the favages of 
Acadia and of Canada fay, that if the ice be not 
melted in April, it indicates a cold and rainy 
fummer. The year 1725 was diftinguilhed by 
an almoft perpetual rain ; and, in April, the ice 
in the northern feas was not only not melted at 
the 67th degree, but, on the 15th of June, it 
was found in lat. 41 or 42'*. 

Great quantities of floating ice appear in the 
north fcas, efpecially at confiderable diftances 
from land. They come from the Tartarean fca, 
into that of Nova Zembla and other parts of 
the Frozen Ocean. I have been aflTured, by people 
worthy of credit, that an Englifti Captain, call- 
ed Manfon, inftead of fearching for a pi^fTage to 
China between the northern lands, directed his 
courfe flraight to the pole till he arrived within 
tw’o degrees of it; and that, in this courfe, he 

* See I’Hift. de I’Acad. annee ,1727. . 

• found 
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found an open fea, and no ice } which is a clear 
proof that the ice is always formed near the 
land, and. never in an extenfive fea ; For, though 
it ftiould be fuppofed, contrary to probability, 
that the cold was fo intenfe at the pole as to 
freeze the furface of the fea, it is ftill inconceiv- 
able how thefe enormous floating malTes could 
be formed, without being attached to the land, 
from which they are again feparated by the heat 
of the fun. Two velTels fent by the Eaft India 
Company, In 1739, to difcover land in the 
fouth feas, found boards of ice in lat. 47 or 48 ; 
but they . were not very diftant from the fliore, 
which was in view, though the velTels could not 
make their landing good*. Thefe boards of 
ice muft have been detached from the lands in 
the neighbourhood of the fouth pole ; and it 
may be conjedfured that they follow the courfe 
of fome large rivers in thefe unknown regions, 
in the fame manner as the Oby, the Jenifca, 
and other great rivers that fall into the north 
feas, carry down boards of ice, which fliut up, 
during the greateft part of the year, the ftraits 
of Waigat, and render the fea of Tartary, by 
this courfe, altogether inacceflible ; while, be- 
yond Nova Zembla, and nearer the pole, where 
there i^ little land and few rivers, boards of ice 
.|ire lew frequent, and the fea is more navigable. 
,f-Hence, if any farther attempts be made to find 
a palTage to China and Japan by the north feas, 

* See on this fubjeA a chart by M. Buache> 1739. 
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It will, perhaps, be neceffary to keep at k diftance 
from the land and th*ice, to fteef diredtly to- 
wards the pole, and to explore the .moft open 
feas, where unqueftionably there is little or no 
ice : For it is well known, that fait water can 
take on a greater degree of cold, without freezing, 
than frefli water after it is congealed; confe- 
queptly, the exceflive cold at the pole may ren- 
der the fea colder than ice, without freezing its 
furface. Befides, at 8o or 82 degrees, the fea, 
though mixed with fnow and frefli water, is ne- 
ver frozen, .^cept dear the coafts. From the 
united teftimOny of feveral navigators, it is ap- 
parent, that there is a paflTage from Europe to 
China by the north fea : The reafoa why it 
has fo often been in vain attempted is obvious. 
Fear prevented the undertakers from keeping at 
a fufEcient diftaince from the land, and from ap- 
proaching the pole, which they probably ima- 
gined to be an immenfe rock. 

William Barents, however, who, like many 
others; had run aground in his voyage, ' never 
doubted the exiftence of fuch a paflage, or that, 
if he had kept farther from land, he would have 
found an open fea without ice. The Ruffian 
navigators fent by the Czar to reconnoitre the 
north fea^ relate, that Nova Zembla is not an 
illand, but a part of Tartary, and that, tq the 
north of it, there is a free and open fea. A 
Dutch voyager affirms, that whales are occafipn- 
ally thrown upon the coafts of Corea and of 

VOL. I. K ’ Japan, 
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japan, with European harpoons flicking in their 
hacks. Another Hollai^er alleges, that he had 
penetrated to the pole itfelf, and aflures us, that 
it was as warm as at Amflerdam in fumm^r. 
One Goulden, an Englifhman, who had made 
above thirty voyages to Greenland, related to 
Charles II. that two Dutchmen^ who failed along 
with him, having been unfuccefsful in fifhing 
off the coaft of the Ille of Edges, refolved to 
proceed northward; that, upon th«r return, 
fifteen days after, they told him, that they had 
been at the 89fh degree ofiJatkut^wbere they 
found no ice, but an open, deep fei^ like that in 
the Bay of Bifcay j and that they fliowed him the 
tfwo fhips journals in fuppoft of what they ad- 
vanced. In fine, it is related in the Philofophical 
Tranfa£lipns, that two navigators, who engaged 
in the difcovery of this paffage, penetrated 300 
leagues to the eaft of Nova Zembla ; but, on 
their arrival, the Eaft India Company, who 
thought they had an intereft in preventing the 
difcovery, allowed them not to return that v/ay to 
Europe*. But the Dutch Eaft India Company, 
who believed themfelves interelled in the dif- 
covery, having made unfuccefsful attempts- on 
the European fide, tried to' find it by the way 
of Japan ; and they would probably have fuc- 
coeded, if the Emperor of China had not pro- 
hiUted all grangers from navigating on the 
<^afts of the lands of Jeffo. Thk j^ffage, there- 
* See Collect, of yoyagea to Nortb> p, zoo, 

■ * ’ ^ 7. 
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fore, cannot be found but by fteering direftly 
to the pole beyond Spitzbergen, or rather by 
"^•“keeping the open fea between Nova Zembla and 
Spitzbergen, under the 79th degree of latitude. 
For the reafons already given, there is no occa- 
fion to dread ice, eVen under the pole itfelf j 
for there is no example of a large fea breezing at 
a great diftance from land. The only fea that 
freezes totally is the Black Sea, which is nar- 
row, contjuns little fait, and receives from the 
northern countries a number of rivers, and large 
boards of ice. If we may credit hiftorians, this 
fea, in the time of the Emperor Copronymus, 
froze to the depth of 30 cubits. This may be 
an exaggeration : But that it freezes every win- 
ter is certain, while open Teas, 1000 leagues 
nearer the pole, never do. This fadl can only 
be explained by the fuperior faltnefs, and the 
comparatively fmall quantity of ice-boards which 
thefe feas receive. 

Boards of ice, which have been regarded as 
invincible obllacles to navigation near the poles, 
prove only the exiftence of large rivers in the 
neighbourhood of the places where they appear. 
They alfo demonftrate the exiftence of vaft con- 
tinents, from which thefe rivers derive their 
fources; and, therefore, we ought not to be dif- 
couraged by their appearance ; Beftdes, .very 
little reflection will convince us, that thefe boards 
of ice muft be confined to particular places ; 
that it is iihpoiliblie they fhould bcoiipy the 
whole circle in vfhiich the foutfierh cbntitieht is 

K 2 • fuppc^d 
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fuppofed to be contained ; and, therefore, if a 
different route were taken, we have reafon to 
hope for fuccefs. From the dcfcription of New 
Holland, given by Dampier, and others, it .is 
probable, that this part of Terra Auftralis, which 
is, perhaps, a part of the fouthern continent, is a 
country lefs ancient than what remains to be 
difcovered. New Flolland lies low ; it has 
neither mountains nor rivers; it is thinly in- 
habited, and the natives have no induftry. ^ All 
thefe circumftances induce us to think, that 
the favages of New Hollaqd are limilar to thole 
of the Amazons, and of Paraguay, in America. 
In Peru and Mexico, which are the moft ele- 
vated, and, of courfe, the moft ancient coun- 
tries of America, the manners of the inha- 
bitants were poliflted ; and they were divided 
into diftinft nations, governed by fovereigns 
and by laws. Savages, on the contrary, are al- 
ways found in low and new countries. Hence 
we may pi’efume, that, in the elevated and inte- 
rior parts of the fouthern continent, fromjjWhich 
iffue thofe large rivers that carry down boards of 
ice to the fea, there are men united by the bonds 
of fociety. 

The interior parts of Africa are nearly as little 
known to us as they vrere to the ancients. They 
had circumnavigated this immenfe peninfula ; 
but they have neither left us charts nor defcrip- 
tions of its coafts. Pliny tells, us, that this voyage 
was performed in the days of Alexander the. 
Great; that the wrecks of feme Spanilh Ihips 

were 
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were found in the Arabian fea ; and that Hanno, 
the Carthaginian General, had fouled from Gades 
-to the Arabian gulf, and had written a relation 
or the voyage. He farther informs us, that, in 
the days of Cornelius Nepos, one Eudoxus, who 
had been perfecuted by King Lathurus, was 
obliged to fly ; that he departed from the Ara- 
bic gulf, and arrived at Gades ; and that, pre- 
vious to this period, Spain carried on a trade 
by fea with Ethiopia But, thefe teftimonies 
notwithftanding, we are of opinion, that the an- 
cients never doubled the Cape of Good Hope : 
Every man confidered the voyage of the Por- 
tuguefe to the Eaft Indies as a new difcove- 
ry. It will not be incurious to fee the fenti- 
ments entertained of this fubjed in" the ninth 
century. ‘ In our days, a difcovery has been 
‘ made which was totally unknown to thofe 

* who lived before us. No man believed, or 

* could fufped:, that the fea which reaches from 
‘ the Indies to China, had any communication. 

* with the fea of Syria. But we have lately 

* found, according to my information, in the 
‘ Mediterranean, or fea of Rouniy the wreck of 

* an Arabian Ihip which had been ftaved to 
‘ pieces by a tempeft. Some of thefe pieces had 
‘ been carried, by the wind and the waves, into 

* the fea of the Cozars j from thence round to 
‘ the Mediterranean, and along that fea to the 
‘ coafl: of Syria. This is a demonftration that the 

♦. See Plin. Hift. Nat. tom.i. lib. a. ’ 

K 3 * ocean 
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* ocean fuixounds Chin’a and Gila, the extremity 

* of Turquefton, and the country of the Cozars, 

* aiid that, at lafl;, it enters by the Straits, and . 

* waihes the borders of Syria. The evident^ 

* arifes from the conflxufliion of the veOel j for 

* there are no fhips but thofe of Siraf whofe 

* planks are not nailed.- But the veflel above 

* mentioned had all her planks fiitched together 

* in a manner peculiar to the Arabians. But 

* all velTels belonging to the Mediterranean, and 

‘ the coaft of Syria, have their timbers failened 
‘ with nails *.* ‘ 

I ihall fubjoin the remarks added by the tranf* 
later of this ancient relation: 

‘ Abuziel remarks, as a thing perfedly new, 
that a veflel had been carried from the Indian 
‘ fea, and thrown upon the coaft of Syria. To 

* And a paflage for it into the Mediterranean, 

* he fuppofes, that there is a great extent of fea 
‘ beyond China, which communicates with the 
‘ fea of the Cozars, or of Mufeovia. The fea 

* beyond Cape Current was entirely unknown 
‘ to the Arabians, on account of the extreme 

* hazard of navigating it, and becaufe the con- 
‘ tinent was inhabited by a people fo barbarous, 

* that it was impoflible either to conquer them, 

* or to civilize them by commerce. The Por- 

* tuguefe found not, from the Cape of Good 
‘ to Soffala,, any Moors who had an efta- 

See Les anciennes relationes des voyage* faits par terrea 
la Chine, p. 53. 

bUIhed 
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*■ liflied fettlemeA, like thofe iii all the maritime 
‘ villages as far as China, which was the fartheft 
■A-^lace known to geographers. But they could 
‘ not tell whether the Chinefe fea communi- 

* cated with that of Barbary by the extremity 

* of Africa j they only defcribed it to the coaft 

* of Zinga or CafFraria. We cannot, therefore, 
‘ hefitate in pronouncing, that the firft difcovery 
‘ of the padage of this fea, by the Cape of Good 

* Hope, was made by the Europeans, under the 

* command of Vafca de. Gama, or, at leaft, a 
‘ few years before he doubled that Capcj if we 

* may credit fome fea-charts of an older date, 

* where the Cape is marked under the name of 
‘ Fronteira da Africa, Antony Galvan relates, 

* upon the teftimony of Franciico de Soufa Ta- 
‘ vares, that, in 1528, the Infant Don Ferdi- 

* nand Ihewed him a fimilar chart from the 
‘ ihonaftery of Acoboca, dated 120 years be- 

* fore, copied, perhaps, from that faid to be 

* in the treafury of St Marc at Venice, on 

* whicfi the point of Africa is likewife deline- 
‘ ated, according to the evidence of Ramulio,* 
&c. 

The ignorance of thefe ages concerning the 
navigation round Africa is not, perhaps, fo 
fingular as the filence of the editor of this an- 
cient rriation with regard to the paflagea in 
Herodotus, Pliny, &c. which we have quoted, 
and which proved that the ancients had faUed 
round Africa. 


However 
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However this matter (lands, the coalls of Afri- 
ca are now well known. But all the attemper 
which have been made to penetrate into the in-^ 
terior parts, have not furnilhed us with ex;^ 
accounts. It would be a great object to go far 
Up the country, by, means of the Senegal, or 
fome other great river, and eftablifh fettlements. 
According to every appearance, we fhould there 
find a country as rich in precious metals as Peru 
Or Brafil. It is well known, that the rivers of 
Africa abound in gold dull ; and, as the country 
is very high and mountaiuous, and is, befides, 
fituated under the equator, it unqueftionably 
contains, as well as America, mines of the hea- 
vieft metals, and (tones of the hardeft and moft 
compact texture. 

The vaft extent of north and call Tartary is 
but a late difeovery. If the Ruffian charts be juft, 
we know the whole coaft of this part of Afia j 
and it appears, that, from the termination of eaft 
Tartary to North America, it is an extent not 
above 400 or 500 leagues. It has even bee® lately 
reduced to a much fliorterlpace. In the Amfter- 
dam Gazette of 24th January 1747, under the 
article Peterfburgh, it is alleged, that M. Stolle- 
ravoit fiad difeovered, beyond Kamtfchatka, one 
of the North American ides, and that he had de- 
ponftrated that we might fail from Rulfia to 
I'^merica by a very (hort paflage. The Jefuits 
and other milfionaries alfo pretended to have 
known favages in Tartary, whom they had ca- 
techized in America, which fuppofes the paftage 

to 
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to be indeed very fliort*. Cti.::’cvoix would 
have us believe, that the old and ue ■ continents 
are united in the northern parts. He . vs, that 
foiAa-Iate voyages of the Japancfe make ■* pro- 
bable that the paflage we have been menUrning 
is only a bay, beyond which we may pafs, by 
land, from Afia to America. But this notion 
requires confirmation ; for it has always been 
thought, that the continent of the North Pole is 
probably feparatcd from all other continents, as 
well as that of the South Pole, 

Aftronomy and navigation have reached fo 
high a pitch of perfeflion, that we may reafon- 
ably hope foon to have an exadf knowledge of 
the whole furface of the globe. The ancients, 
who were ignorant of the mariner’s compafs; 
were able to dil'cover a fmall part of it only. 
Some pretend that the Arabians invented this in- 
ftrunient, and that, by means of it, they carried 
bn trade with India as far as China But this 
notion has always appeared to me to be defti- 
tute of foundation,; for there is not in the Ara- 
bian, Turkifh, or Perfian languages, a word that 
iignifies a mariner’s compafs: They ufe the Ita- 
lian word bojjhla. Even at this moment, they can 
neither make compafles nor give polarity to the 
needle. They purchafe thefe articles from the 
Europeans. Father Martini alleges, that the Chi-» 
nefe have been acquainted with the compafs thele 

* S«e Charlevoix, tom. iii. p. 30. 

t See TAbrege de rhiil. des $arazins de Bergeron^ p. 119. 
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3000 years*. If thefe fafts be true, how fliould 
it happen that they have made fo little ufe of 
this inftrument ? Why, in their voyage ,to 
Cochinchina, did they take a longer courfe •man 
, was neceflary? Why did they always limit 
thetafelves to the fame expeditions, the longeft 
of which was to Java and Sumatra ? And why 
did they not difcover, before the Europeans, a 
vaft variety of iflands and of fertile countries in 
their, own neighbourhood, if theypoflelTed the 
art of navigating in the open feas ? It was but 
a few years after the difcovery of this wonder- 
ful quality of the loadftone, that the Portuguefe 
doubled the Gape of Good Hope, and traverfed 
the African and Indian oceans, and that Chrif- 
topher Columbus failed to America. 

It was not difficult to conjecture, that immenfe 
regions lexifted in the weftern part of the globe ; 
for, on computing what^w as known of it, namely, 
the diftance from Spain to China, and attending 
to the revolution of the earth, or of the heavens, 
it was eafy to perceive, that a greater* extent 
lay to the weft than what had been already 
difcovered on the ^aft. That the ancients found 
not the new world, was not owing to a deficiency 
in aftronomical fcience, but folely to their ig- 
norance of the compafs. The' pafTages of Plato 
and of Ariftotle, which mention countries far 
beyond the Pillars of Hercules, feem to indicate 
that fome mariners had been driven by a tempeft 
* Sec bill. Sinice, p: 106. 
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on the coaft of America, from which they had 
returned with infinite labour. But, fuppofing 
the ancients to have been thoroughly convinced, 
fron^4^he relations of voyagers, that fuch a con- 
tinent exifted, being ignorant' of the compafs, 
they could not ppffibly derive any advantage 
from fuch conviftion. 

I acknowledge, that it is not abfolutely im- 
poflible for refolute men, with no other guide 
than the ftars, to fail in open feas. The ancients 
were in poffeflion of the Aftrolabe. They might 
take their departure froto France or Spain, and 
fail to the weft by always keeping the polar ftar 
on their right hand ; and, by frequent foundings, 
they might keep nearly in the fame latitude. It 
was unqueftionably by keeping the pole-ftar on 
their left, that the Carthaginians mentioned by , 
Ariftotle were enabled to return from thofe dif- 
tant regions. But it will ftill be allowed, tliat 
a voyage of this kind muft have been regarded 
as a rafli and hazardous, enterprize. We ought 
not, therefore, to be furprifed, that the ancients 
never conceived fuch a prcgeft. 

Before the expedition of Columbus, the 
Azores, the Canaries, and Madeira, had been 
difcovered. It had been remarked, that, when 
the weft winds continued long to blow, the fea 
threw upon the coafts of thefe iflancjs pieces of 
ftrange wood,, canes of an, unknown Ipecies, and 
even dead bodies, whjch, by feveral marks, were 
known to be neither Europeans nor Africans*. 

* See Charlevoix, ton. i. p. 66 , 
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Columbus hirafelf remarked, that, on the weft 
coafts, certain winds blew for fome days, which 
lie was perfuaded proceeded from land, ^ut, 
though he poflefled all thcle advantages over the 
ancients, andlikewife the compafs, the difficulties 
to be encountered were fo great, that nothing 
Jefs than fuccefs could have juftified the en- 
terprife. Suppofe, for a moment, that the 
continent of America had been l ooo or 1500 
leagues more diftant, a circumftance which Co- 
lumbus could not forefeCj he never would have 
arrived, and perhaps this vaft country might 
ftill have remained undifcovered. This con- 
jedure receives additional force, when it is 
confidered, that Columbus, though the ablcft 
navigator of his age, was feized with terror and 
aftoniftiment in his fecond voyage to the New 
World : As, in his firft voyage, he found no- 
thing but iflands, he directed his courfe more to 
the fouth in quell of a continent ; but found 
himfelf flopped by currents, the great ^xtent of' 
which, and their uniform oppofition to his courfe, 
obliged hini to diredl his fearch more to the well. 
He imagined, that it was not currents which 
prevented him from advancing to the fouth, but 
that the fea was riling to the heavens, and that 
both perhaps touched each other in the fouthern 
parts : Thus, in great undertakings, the moll 
trifling difficulty may fometim^ turn a man's 
brain, and extinguilh his CQurage. 
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theory of the earth. 


ARTICLE Vir. 


Of the Fonnathn ofStrata^orBeds^ in the Earth. 


T T 7 E have demonftrated, in the firft article, 
VV that the earth, in confequence of the 
mutual attradion between the particles of mat- 
ter, and of the centrifugal force that refults 
from its«liurnal revolution, muft have afliimed 
the figure of a fpheroid, the two diameters of 
which differ about a 230th part j and that no- 
thing but the changes made on the earth’s furface, 
by the motions of the air and of the waters, could 
augment this difference, in the manner alleged 
by thofe who meafured a degree under the equa- 
tor, and another within the polar circle. Tfiis; 
figure of the earth, which agrees fo well with the 
laws of hydroftatics and with our theory, indi- 
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cates that, at the time it affunied its figure, it 
wasjn a Hate of fluidity. We have alfo prov- 
ed, that the projedile motion, and the motion 
of rotation, were imprefled at the fame tim^ and 
by the fame impulie. It will more readily 
be admitted, that the earth was originally in a 
ftate of liquefadion, when it is confidered, that 
the greateft part of the materials of which this 
globe is compofed are either vitrifications, or vi- 
trifiable by fire. The impolfibility of rendering 
the earth fluid by the operation of waters con- 
firms this hypothefis; becaufe there is infinitely 
more earth than water, and the water is not 
able to diflblve fand, rocksj and hard minerals. 

It is, therefore, evident, tha& the earth alTum- 
ed its figure when in a fluid ftate: And, to 
purfue our theory, it is natural to think, that 
the earth, when it iflued from the fun, had no 
other form but that of a torrent of melted and 
inflamed matter j that this torrent, by the mu- 
tual attraction of its parts, aflTumed a globular 
figure, which its diurnal motion changed into a 
fpheroid ; that, when the earth cooled, the va- 
pours which were expanded like the tail of a co- 
met, gradually condenfed, fell down in the form 
of water upon the furface, depofiting, at the 
fame, time, a fiimy fubftance, mixed with ful- 
phur and falts, part of which was carried, by' 
‘^e motion of the waters, into the perpendicu- 
lar fiflures of the ftrata, and produced metals, 
and the reft remained on the fiiriface, and gave 

life 
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rife to the vegetable mould, which abounds, in 
different places, with more or lefs of animal and 
vegetable particles, whofe organization is not 
obvious to the fenfes. 

Thus the interior parts of the globe were ori- 
ginally compofed of vitrified matter; and, I 
believe, they continue fo at prefent. Above this 
vitrified matter were placed thofe bodies which 
the fire had reduced into the fmalleft particles^ 
as fands, which are only portions of glafs ; and; 
above thefe, pumice ftones, and the fcoriae of 
melted matter, which ^ave rife to the different 
clays. The whole was covered with water to 
the depth of 500 or 600 feet*, which originated 
from the condenfation of the vapours, when 
the earth began to cool. This water depofited 
a ftratum of mud, mixed with all thofe matters 
that are capable of being fublimed or exhaled 
by fire ; and the air was formed of the moft 
fubtile vapours, which, from their levity, rofe 
above the water. 

Such ^as the condition of the earth, when 
the tides, the winds, and the heat of the fun, 
began to introduce changes on its furface. The 

* This opinion, that the earth was entirely covered with wa- 
ter, correfponds with the fentiments of feveral ancient philofo«it 
phers, and likewile with thofe of many of the fathers of the 
church, in nrundi primordio, aqua in omnem terrain fiagn a* 
hat, fays St. John of Daznafeus^ lib. z* cap g. Terra erat in- 
• vifibilis, quia ex undabat aqua ct pperiebat terrain ; Sr. Ambtofe; 

I, cap. 8 . Submerfa tellus cum elTet, faciem ejust inondanto 
3 qua, non erat adfpediabilis ; St. Bafile^ Hou|» 2, See likewife 
St. Augudine, lib. Leap, 12, • 

diurnal 
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diurnal motion of the earth, and that of the 
tides, elevated the waters in the equatorial re- 
gions, and necelTarily tranfported thither great 
quantities of llime, clay, and fand, and, by thus 
elevating thefe parts of the earth, they perhaps 
fink thofe under the poles about two leagues, 
as was formerly remarked : For the waters 
would eafily I'educe into powder pumice-ftones, 
and other fpungy parts of the vitrified matter 
upon the furface, and, by this means, excavate 
fome places, and elevate others, which, in time, 
would produce iflands and continents, and all 
thofe inequalities on the furface, that are more 
confidcrable towards the equator than the poles. 
The higheft mountains lie between the Tropics 
and the middle of the Temperate Zones, and the 
loweft from the polar circles towards the poles. 
Between the Tropics are the Cordeliers, moft of 
the mountains of Mexico and the Brazils, the 
great and lefler Atlas, the mountains of the 
Moon, &c. Befides, both the land and the fea 
have moft inequalities between the tropics, as is 
evident from the incredible number of iflands 
peculiar to thefe regions. 

However Independent of my general theory, 
this hypothefis, concerning the original ftate of 
the globe, may be, I have chofen to refer to it 
in this article, with a view to Ihow the con- 
nediion and poflibility of the fyftem endeavour- • 
ed to be eftabliftied in the firft article. It may 
only be remarked, that my theory is not oppof- 

ed 
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ed by the fafts ; that I take the earth nearly as it 
ftands at prefent j and that I lay hold of none 
of thofe fuppofitions which are- often ufed in 
reafoning concerning the former condition of 
the earth. But, as I here offer a new idea upon 
this fubje<St of . the fediments depofited by the 
waters that, in my opinion, gave rife to the up- 
per ftratum of the earth, it will not be improper 
to exhibit the reafons upon which it is founded. 

The vapours exhaled from the earth produce 
rain, dews, thunder, lightning, and other, me- 
teors. Thefiijj&rapoursj^herefore, are miied with 
particles of water, air, fulphur, earth, &c. ; and 
it is the ^folid earthy particles which conftitute 
the llime or mud under confideration. The 
pureft rain-water depofits a quantity of this 
mud } and, when a quantity of dew is collected, 
and allowed to corrupt, it produces, a greater 
proportional quantity of mud, which is fat, 
un(9:uous, and of a reddifh colour. ■ 

The upper ftratum of the earth is compofed 
of this ifiud, mixed with particles of animal and 
vegetable fubftances, or rather with particles of 
ftone and fand. It is worthy of remark, that 
moft arable land is reddifh, and more or lefs 
blended with heterc^heous matters. The par- 
ticles of ftone c£ :id!i^,faiid found 'in the upper 
ftratum, are of .kinds:, the one is grofs and 
heavy, the Q^^^^ne, and fbmeti^es i?npal- 
pable. The is detached from" the. inferior 
ftratum b;^ labouring the ground ; or,, rather, 
VOL* I. L the 
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thie upper ftratuin, by penetrating the inferior 
which is compofed of fand or gravd, forms 
s what is called or fertile fand, I’he finer 
i^ecles proceeds from the air, falls down with 
the dew cr, rain, and intimately incorporates 
with the vegetable mould, or upper ftratum. 
This laft is nothing more than the duft, tranf- 
ported by the air, and again depofited by rain 
or a mold atmofphere. When the quantity of 
this mud 'is great in proportion to the particles 
of done or fand, the foil is red and fertile ; if it 
be confiderably mixed with anirritl and vege- 
table fubftances, it is blackilh ; but if the quan- 
tity of mud and of vegetable and anUnal fub- 
' dances be fmall, the foil. is white and barren ; and 
even when the particles of fand, done, or chalk, 
which cbinpofe 'thefe barren foils, are mixed 
with a confiderable quantity of animal and ve- 
getable fubdances, they become black and light, 
but have very little fertility. According, there-, 
fore, to the different proportions of thefe three 
ingredients, tht foil is more or lels fertile, and , 
differently coloured. 

In order to acquire didindf ideas concerning 
the drata of the earth, we dial I take for an exi* 
ample the pits at Marly-la- Ville, which are ex-^ 
ceedingly deep. This place is fituated in a high, 
but flat and fertile country, a;nd its drata lie ho- 
rizoiftally. I procured fpecimens of all thefe 
drata in their order from M. JOalibard, ari: em^i- 
nent'batanid, a,nd a man of icience : and, aftei: 

having 
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having proved, with aqua fortis, the nature of 
the matters they refpedlively confift 'of, I ar- 
ranged them in the following table, 

Table of the different! beds of earth ' at Marly- la- 
Ville^ to the depth ^ loo feet. 

Feet. Inch. 

1. A free reddifli earth, mixed with a 
large quantity of mud, a little vi- 
trifiable fand, and a greater pro- 
portion of calcinable fand, or gfa- 

vel ^ 13 

2. A free earth mixed with gravel and 

with more vitrifiable fand 2 6 

3. Mud mixed with a large quantity 

of vitrifiable fand, which made 
but a fmalfefFervefcenee with aqua 
fortis. - - “ 3 

4. Hard marl, which effervefced vio- 
lently with aqua fortis • - 2 

5. A marly ftone very hard - 4 

6. Marl in powder, mixed with vitri- 
fiable fand - - 5 

7. Fine vitrifiable fand - - 16 

8. Marl refembling earth, mixed with 

a little vitrifiable fand » 3 6 

9. Hard marl, in which was found 

genuine flint : - - 3* 6 

10. Gravel, or marl in powder - i 

Carried pver *39 

L 2 
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Feet Sncfc 

Brought over 39 

11. Eglantine, a hat^, ringing Hone, of 

the grain of marble •• 1 6 

12 . Marly gravel , I 6 

13. Marl in the form ^of hard Hone, 

with a fine grain - 16 

14. Marl like fi;one« with a coarfer 

grain - - I 6 

15. Marl ftill more grofs - , a 6 

j 6. Fine vitrffiable fand, mixed with 

ibffil fea-lhells, whidi had no co- 
hefion with the fand, and which 
ftill preferve their natural colours i 6 
1 7,' Fine gravel, br marl«duft - 2 

iS. Marl in the form of a hard ftone 3 6 

19. Marl in the form of coarfe f)owder i 6 

20^ Hard ftone, calcinable like marble r 

21. A gray vitrifiable fand, mixed with 
foflil mells, particularly with oy- 
fters and fpondyles, which had no 
ii|^efion with the fand, and were* 
hot petrified - - 3 

22i A white vitrifiable fand, mixed 

with the fame Ihells - - 2 

23* A vitrifiable fand with red and * 
white ftreakS, and mixed with 
he lame Ihells i 

24*' A coarfer vitrifiable Iknd, thixed 
with the fame Ihells ' ' - 1 


Carried over 64 



Feet. Inch. , 

Brought over 64 

-25. A fine, gray, vitrifiable fatid, mix- 
ed with the fame (hells - , 8 $ 

26. A fine urfCluous fand, with very 

few (hells • H " 3 

27. Brown free (lone - - 3 

28. Vitrifiable fand, ftriped with red 

and white - - 4 

29. A white vitrifiable (and - 3 6 

30. A reddi(h vitrifiable fand " » 15 

Total depth of the pit loi 

I formerly mentioned, thatfl l^d examined 
all thefe fubftances with aqua fortis, becaufe ho 
other teft can enable us to makejreal diftindions 
between earthy bodies of the fame or of different 
appearances. Thofe which effervefce and fud- 
denly diffolve, on the application of the aqua 
fortis, are generally calcinable. Thofe, on the 
other hafhd, upon which that acid makes no im- 
preffion, are vitrifiable. 

From Ais enumeration pf lirata it is evident, 
that the land at Mary-la-Ville was formeiiy 
covered with the fea, to the depth of 75 feet, 
fmce (hells are found 75 feet below the furface. 
Thofe (hells have been colleded and depofited 
by the water, together with the fand, which 
contains them j and the whole fuperior firata, 
except the uppermoft, have been tranfported 

L 3 thither 
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thithet by the motion of the waters, and'depo- 
fited in the form of 'fediment, as is apparent 
from their horizontal pofition, from the mixture 
of fand, fliells, and marl, which lall is compofed 
pf decayed fhells ; and even th^pper ftratum 
has been almoft wholly formed of flime or mud, 
with a fmall mixture of marl. 

I have chofen this example, becaufe it is leaft 
favourable to my theory ; for it appears, at firft 
view, difficult to conceive how the mud depo- 
fited by the dew aUd rains fhould produce a 
bed *of vegetable foil 13 feet thick. But it 
ought to be remarked j that a foil of this thick- 
nefs is rarely to- be found, efpecially in high 
countries. The general run of foils are from 
three to four feet, dnd often they exceed not 
one foot. The foil is thickeft in plains fur- 
rdunded with hills; becaufe the rains daily bring 
frelh fupplies from the higher grounds. But, 
'-‘abftradiing from this fuppofition, it is plain, that 
the upper ftrata formed by the fea are thick 
beds of marl. It is natural to think, that the 
upper ftratum was originally much thicker, 
and that, befide the 13 feet, the fea would 
leave a coufiderable quantity of marl. But this 
■ marl, being expofed to the a(fti6n of the air, of 
raijas, and of the rdys of the fttn, would foon 
Jl^educed into a fine powder. The fea would 
■hot leave this land fuddenly, but would con- 
tinue for fome time occafiohally to cover it, 
^ttthcr by the naotion of the tides, or by extraor- 
dinary 
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dinary fwells during great ftorms; and, of courfe, 
the upper ftratum would be mixed with,, rtmd, 
clay, and other flimy bodies. After being 
entirely above the reach of the waves, plants 
would begin* to grow, and the foil would 
conflantly accumulate, and be tinged with a' 
reddifli colour by the mud depofited by ■ dews 
and rain. Culture would ftill farther increafe 
both its fertility and its thicknefs, and, by al- 
lowing the dews and rains to penetrate deeper, 
would in procefs of time produce this foil of 1 3 
feet. ' , ■ 

I fliall not here examine, whether the reddiflx 
colour of vegetable mould proceeds from a quan- 
tity of iron contained in the ' mud depofited by 
rain and dews. This point, which is of fome 
importance, fliall be difeuifed When we come ‘to 
treat of minerals. It is fuflicient to have given 
a view of the manner in vvhich the upper ftra- 
tum has been formed : We fliall now prove, by 
other examples, that the formation of the in- 
terior ?lrata'of the earth mud iikewife have ori- 
ginated from the operation of tlic waters. 

The upper ftratum of the globe, lays Wood- 
ward, that magazine tor the formation and fup- 
port of animals and, vegetables, is moftly com- 
pofed of vegetable and animal matter, and is in 
perpetual fluduation. All the animals and ve- 
getables which have exifted fince the creation, 
have fucceflively extraded from this ftratum the 
materials of which their bodies are conftruded ; 
thefe they again reftore at their diflblution, where 

L 4 they 
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they remain prepared for the fucceffive forma-^ 
tion of new bodies of the fame fpeciesj the mat- 
ter which forms one body, being naturally dif- 
pofed to make another of the fame kind*. In 
uninhabited countries, where, the woods are 
never cut, nor the herbs broufed by cattle, the 
foil is conftantly augmenting. The foil, in all 
woods, even in thofe which are occafionally cut, 
is from 6 to 8 feet thick, and has originated 
from the leaves, and other decayed parts of ve- 
getables. I have often remarked, that, upon an 
old Roman way which runs acrofs Burgundy, 
the ftones with which it was conftrud.ed are 
covered with a black mould of more than a foot 
thick, and that it nourifhes trees of a conliderable 
fize. This foil could only be produced by the gra- 
dual and fucceffive deftrudtion of vegetable bo- 
dies. As vegetables derive more of their fub- 
ftancefrom the air and water than from the earth, 
when they decay, they add more to the foil 
than they extradted from it. Befides,^ forefts 
colledl and retain vapours and moifture ; and, 
of courfe, in oljd woods, the foil is greatly aug- 
mented. But, as animals reftore much lefs to 
the earth than they take from it j and, as men 
.confume vaft quantities of wood and herbs for 
fewel and other purpofes, it follows, that the ve- 
getable foil of populous countries muft conti^- 
nually dirainiffi, and become, in time, like thofe 
of Arabia Petrea and other eallern countries, 
which were firft iphabited, where nothing is now 

• Sec Wood Effay, p. 136. 

• to 
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lo be found but fand and falts ; for the fixed falts 
of plants and of animals remain, while all the 
other parts volatilize, and are carried off by the 
air. 

Let us next examine the pofition and forma- 
tion of the interior ftrata. The earth, fays 
Woodward, wherever it .has been dug, is com- 
po/ed of beds or ftrata, one above another, in 
the fame manner as if they had proceeded from 
fucceflive fediments depofited by water. The 
beds which lie deepeft are thicker than thofe im- 
mediately above thefn, and they are gradually 
thinner till they arrive at the furface. Sea- 
fhells, teeth, and bones of fifties, are found in 
thefe beds, and not only in thofe which are foft, 
as chalk, clay, and marl, but even in beds of 
hard ftone, marble, &c. Thefe produdions of 
the fea are incorporated with the ftone, and, 
when feparated, leave in the ftone the figure of' 
their furface exaftly delineated. ‘ I was abuH'^ 

‘ dantly affured,’ fays this author, ‘ that the cir- 
‘ cumltances of thefe things in remoter coun- 
‘ tries were much the fame with thofe of ours 
‘ here : That the ftone, and other terreftrial mat- 
‘ ter, in France, Flanders, Holland, Spain, Italy, 

* Germany, Denmark, Norway, and Sweden, 

* was diftinguilhed into ftrata, or layers, as it is 
‘ in England : That thofe ftrata were divided by 

* parallel fiffures: That there were inclofed in 
‘ the ftone, and all the other denfer kinds of 

terreftrial matter, great numbers of fhells, and 

* other 
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* other produiSions of the fea j in the fame man- 
‘ ner as in that of this ifland. To be fhort, by 
*; the fame means I got fuflScient intelligence that 

* thefe things were found in like manner in Bar- 
‘ bary, in Egypt, in Guiney, and other parts of 

* Africa : In Arabia, Syria, Perfia, Malabar, 
^ China, "and other Afiatic provinces: In Ja- 

* raaicaj Barbadoes, Virginia, New England, 

* Brafil, Peru, and other parts of America.* 
p. 6. 41, 42, &c. 

Woodward gives no authority for his afler- 
tion, that diells are found'in the ftrata of Peru. 
But as, in general, his fa£ls are true, I doubt not 
but his information has l)een good; and I am 
perftiaded that lliells exift in the ftrata of Peru, 
as well as every where clfe, I nnikc this re- 
mark on account of a doubt which has been 
entertained, and which flxall afterwards be con- 
fidered. - , 

. In digging a well at Arrifterdam, 232 feet 
deep, the ftrata were arranged in the following 
order; 7 feet of vegetable foil ; 9 feet of turf; 

9 feet of foft clay ; 8 feet of land ; 4 of earth ; 

10 of clay; 4 of earth ; lO of fand ; 2 of clay; 
4 of fmaU white fand ; 5, of dry earth ; i of foft 
earth ; 14 of fand ; 8 of clay mixed with fand ; 
4 of fand mixed with fliells ; then 102 feet of 

and, lajlly^ 31 feet of fand*'. 

It is uncommon. to dig fo deep before' we 
find water : But tliis fadt is remarkable in 

• • See V^renii Geograph, gc^n. p. 46. 

many 
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many other refpeds. i/?, It demonRrates that 
the fea communicates not -»Ayith the interior parts 
of the earth by means of filtration : idy Thjit 
Ihells are found 100 feet below tbe furface in a 
country extremely lowj and, confequently, that 
the land of Holland has been elevated 100 feet 
by the fediments of the ocean : 3/3^, It may be 
concluded, that the bed of clay of 102 feet, and 
the bed of land, ' 31 feet of which onlyliad been 
dug, and whofe a£lu:il thicknefs is unknown, lie 
near to the ancient and original earth that cx- 
ifted before the motion of the waters began to 
change its -furface. In the firft article, it was 
remarked, that, in order to difeover the ancient 
earth, we muft dig in, the northern, rather than 
in the fouthern regions ; and in the low and 
plain, rather th.an in the elevated countries. 
Thefe circumftances nearly concurred in the pre- 
fent cafe. We only wifli that the pit had been 
dug deeper, and that the author had informed 
us, wjjether (hells, or other fca-bodies, were in- 
termixed with the laft ftrata of clay and of fand. 
This experiment confirms what was formerly 
advanced, that the ftrata are always thicker in 
proportion to their depth. 

The earth Confifts of parallel and horizontal 
ftrata', not in the plains' only, bur, in general, the 
hills and mountains have the fame ftruSure. 
The ftrata of the mo upt pins are even more con- 
Ipicuous than thofe of the plains; for the plains 
are commonly covered, with great quantities of 

fand 
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:^nd and earth brought from the higher grounds 
by the waters ; and, therefore, to find the ancient 
ftrata, we muft dig deeper in the plains than in 
the mountains. . ' > 

1 have often remarked, that, when tjie top of 
’ a mountain is level, its ftrata are likewife d<n^el ; 
but, when the top is not horizontal, the" 
follow the dire<3;ion of its declivity. It has fre-r 
quently J|)een alleged, that the beds of quarries 
incline to the eaft. But in all the chains of 
rocks which I have examined, I found, that 
thefe beds always follow thJ; declivity of the hill, 
whether its direilion be eaft, weft, fouth, or 
north. In raifing -ftones from the quarry, they 
are always feparated according to their natural' 
pofition; and, if cut in a contrary direftion, it is, 
impoflible to raife thena of any confiderable fize,. 
In all good mafonry, the workmen place the 
ftones in the dire^lion in which they lay in the 
quarry. If laid in an oppofite pofition, they wil) 
fplit, and be unable to refill the weight of the 
incumbent building. Hence we may concludej 
that ftones have been originally formed in hori- 
zontal beds} that thefe beds have been fucceflively 
accumulated above each pther, and have been 
compofed of materials, the refiftaace of which 
is ftronger in that than in any other diredion. 


E^ery ftratum, of whatever kind, whether it 
or inclined, is of an equal thick- 
through its whole extent. In the quarries 
fhund Paris, the ftratum of good, ftone is bu^ 

about 
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nbout 18 or 20 inches thick throughout^ In the 
quarries of Burgundy, the ftone is much thicken 
The fame inequalities take place in marbles. 
The white and black marbles are thicker than 
thofe that are coloured j and there is a hard ftone 
with which the people of Burgundy cover their 
houfes, that exceeds not an inch In thickndsl 
Thus, different ftrata differ much with regard tO 
thicknefs j but each ftratum uniformly preferves 
the fame thicknefs through its whole; extent. 
This difference is fo great, that ftrata are to be 
found, from lefs thaft a line, to i, lo, 20, 30, 
and 100 feet thick. Both ancient and modern 
quarries, which are dug horizontally, the fliafts 
of mines, and the working of lead, either longi- 
tudinally or tranfverfely, prove that ftrata ex- 
tend a great way on all fides. ‘ It is well known,* 
as the hiftorian of the academy obferves, ‘ that 

* all ftones have originally been a foft pafte, and 
‘ that, as ftones are almoft every where to be 

* met with, the furface of the earth j in all thefe 

* places, at leaft to a certain depth, muft have 
‘ confifted of mud and flime. The ihells found 

* in moft quarries demon ftrate, that this mud 
‘ was an earth diluted by the water of the fea ; 

* and, confequently, that the fea once covered 
‘ all thefe places ; but the fea could not cover 

* them,, without, at the fame time, covering all 

* places that were lowgi^ or on the fame level. 
‘ Now, it is impoffiblfr that the fea could cover 

* all thofe places where there ^re quarries, witli- 
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* out covering the whole furface of the globe. 

* If the mountains were tben formed, the fea 

* muft allb have coverecthem; for they are full 

* of rocks and quarries, and ihells are often 
. * found in them. 

‘ The fea, then,’ continues he, * covered the 

* whole earth ; and hence all the beds of ftone 

* in the plains are horizontal and parallel : The 

* fifhes, therefore, were the moft ancient inha- 
‘ bitants of the globe j' for neither land-animals 

* nor birds could exift. But how has the fea 

* retired into thofe vaft bafons which it now oc- 
‘ cupies ? The moft natural fuppofi tion is, hhat 

* the earth, at leaft to a cert^a depth, was not 
‘ all equally folid, but intcriperfed with vaft 

* vaults or caverns, the arches of which would 

* remain for a time, and at laft fuddealy fall in. 

* The watets wopld then ru.fh into thefe hollows, 

* fill them up, and leave a part of the furfiice 

* dry, which would become 3 convenient habi- 

* tation for land-animals and birds. The fhelis 

* found in quarries ftrongly confirm this idea ; 

‘ for nothing but the bony parts of fillies could 

* be preferved fo long in the earth. Befides, 

* llielk cpmmonly lie in vaft mafles in certain 

* parts of the fea, where they remain immove- 
‘ able, and form a fpecies of rocks or banks j 

they could not, therefore, follow the fea, which 
^ fuddenly abandoned them. It is for this laft 

* reafon that we find 'luch numbers of ibffil- 
^ihells, and fo feyr veftiges, of other fifties, which 
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* is a farther proof that the waters retired with 
‘ rapidity into their prefent bafons." Wflfen the 
« vaults funk down, it is very probable that 
‘ mountains were elevated by the, fame caufe, 

* and placed upon the furface with rocks and 

* quarries' already formed. But the beds of thele 
‘ quarries could not preferve their original ho- 

* rizontal pofition, unlefs they v/ere raifed exa£t- 
‘ ly perpendicular to the furface, v/hich would 
‘ rarely happen. Thus, as we formerly remark- 
‘ ed % the beds of ftone in mountains are all 
‘ inclined to the horfzon, though they be p'aral- 
‘ lei to each other ; for they changed not their 
‘ pofition with regard to one another, but with 

* regard only to the furface of the earth "I'.’ 
Thcfe parallel beds of earth or of ftone, which 

have been formed by fediments of the ocean, 
often extend to confiderable diftances. We even 
find, in hills feparated by valleys, beds of the 
fame materials upon equal levels. This obfer- 
vation^has a perfedl correfpondence with the 
equal altitudes of oppofile hills. The truth of 
this fa<n: may be eafily eftabliflied ; , for, in all 
hills feparated by harrow valleys, where ftone 
or marble is found on one hill, we uniformly 
find thefe very fubftances, at the fame level, on 
the oppofitc hill. I- have traced a quarry of 
marble i'2 leagues iii length ; its breadth is-alfo 
confiderable, though I ^avfc not been able to af- 
certam it with precifion. I have often obferved, 

♦ See Mem. de PAcad.'ann. ^7C5, p. 36, 
t Ibid. ann. 1716, p. 14.. 


that 



this bed of, marble ha^ everyi wli^e the famfl 
ihickifefs ; and that, in hills feparated by a yaU 
fey of loo feet deep, the fame bed always ap-^ 
peared at the fame altitude. I am ®rmly per- 
fuaded, that this obfervation holds ^h regard 
to all quarries of ftone or pf marble x^nich con- 
tain ihells j but it applies not to beds of free- 
ftone. We fliall afterwards explain why free- 
ftpne is not difperfed, like other matters, in ho- 
rizontal beds, but in blocks, irregular both in 
form and position. 

It has likewife been remarked, that, on the 
oppofite fidcs of ftraits of the fea, the Arata are 
the fame. This obfervation is important, and 
may lead to the difcovery of thofe necks if land, 
or iflands, which; have been feparated from the 
Continent. It proves, ./or example, that Eng- 
land has been feparated from France, Spain from 
Africa, and Sicily from' Italy : And it is to be 
regretted, that the fame obfervation has not been 
made upon all ftraits. ITiave no doubt but it 
will hold univerfally. We know not, w'hether, 
in the ftraits of Magellan, the longeft 'i^e are 
acquainted with, the fame ftrata are to be found 
at' the fame latitude. But we perceive, from very 
exafl: charts, that the oppofite cbafts, which are 
high, havfe correfponding. angles, like thofe ob- 
ferv^e in our inland mounts|;^rj and this far- 
^i^foves Terra d^.Fueg 9 . tP 'have been for- 
I^CTly a part of the ColSti&ehl of Ameriea/ , The 
i^me remark has been made with regard t6 the 

ftrait ‘ 



OF STRATA. 177 

ftrait of Frybifher ; and the ifland of Friefland 
appears to ha\re been feparated from the conti- 
nent of Greenland. 

The Maldivia iflands are feparated from each 
other by fmall branches of the fea ; and, on each 
fide of the qppofite iflands, the ftrata of rocks, 
&c. are the fame. Thefe iflands, which, when 
taken together, extend about 200 leagues in 
length, were formerly one. They are divided 
into 1 3 provinces, called Clujlers. Every Clufter 
contains a great number of fmall iflands, moll 
of which will foon Ife under water. It is re- 
markable, that each, of thefe 13 Clufters is fur- 
rounded with a chain of rocks of the fame ftone, 
and that there are only three or four fmall and 
dangerous openings, through which each of them, 
can be approached. They are all placed in . a 
line, with their ends to each other, and appear 
evidently to have been once a long mountain 
crowned with rock*. 

Several authors, as Verftegan, Twine, Som- 
mer, but particularly Campbell, in his defcrip- 
tion of the county of Kent, give ftriking 
proofs that England was formerly joined to 
France, .and that the neck of land that divides 
them had been carried off by the lea, which re- 
tired, and left a great quantity of low marlhy 
ground alopig th^ fouthern coafts of England. 
As a farther proof of thi»fe<Sl, Dr. Wallis has 
attempted to fhovv an amlity between the an- 

* See Voyag. de Franc. Pyrard, i. p. 107. 
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cient language of the Gauls and that of .the 
Britains ; and he adds feveral other remarks, 
which (hall be related in the following articles. 

If travellers obferved the figure of lands, the 
pofition of mountains, and the windings of ri- 
vers, they would perceive that oppofite hills are 
not only compofed of the fame materials at the 
fame altitudes, but that they are alfo nearly of 
an equal height. In all tfie places where I have 
travelled, I uniformly remarked this equality in 
the height of oppofite hills, efpecially when*they 
are feparated by valleys riot above a fourth or a 
third of a league wide. In valleys of greater 
width, it is difficult to judge of the height or 
equality of hills ; for, on looking over a level 
and extenfive plain, it appears to rife ; and di- 
llant hills feem to fink. But this is not the 
place to account for thefe phsenomena. Be- 
fides, it is not eafy to determine by the eye the 
middle of a large valley, unlefs it be traverfed by 
a river. But, in narrow valleys, the judgment of 
the eye is more certain. That diftridt of Bur- 
gundy comprehended between Auxerre, Dijon, 
Autun, and Bar-fur-feine, of which a confi- 
derable portion is called le^ Bailliage ,de la 
MontagnCy is one of the moft el^ya^ed parts of 
France. From One fide of' ^4hcfe mountains, 
rfhich are only ofi tfhe fecond ntder, the water 
’'runs to the ocean, fi^bm the otfier, to the 
Mediterranean. TCere are points of partition, 
as at SOmb^npa, Ppuilli in Auxois, &e. where 

the 
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the water may be turned at pleafure, either to 
the otean or the Mediterranean. This high 
country is ihterfe£ted with a number of fmall 
valleys, and moft of them are watered with ri- 
vulets. Here I have a thoufand times obferved 
the Gorrefponding angles of the hills, and their 
equality as to height; and lean with confidence 
affirm, that the falient or prominent angles are 
uniformly oppofed to the concave ones, and that 
the heights of the two fi^es are nearly the fame. 
The farther we advance in this high country, 
where are the points of partition mentioned 
above, the mountains rife the higher. But this 
height is always the fame on |;he‘ oppofite fides 
of the valleys, and the hills rife or fall equally. 
The fame obferyation I have repeatedly made in 
fevetal other provinces of France ; but they ex- 
tend not to very high mountains, ; for thefe are 
more irregular as to height,, and often terminate 
in unequal points or peak^. In frequently tra- 
verfin^ the Alps and Appennihes, I obferved, 
that the^angles, in effe.ft, correfponded ; but that 
it is almoft impoffible to judge, by the eye, con- 
cerning the equality or inequality in the heights 
of oppofite mountains ; becaufe their tops are 
Ipft in the qlquds. 

The difrereijl^i-atal' compofing 'the earth arc 
not arranged aolnrffing tq^eir fpecific gravities. 
Beds of heav^ matter frequently placed 
above thofe of lighter."^* feolid rocks are often 
fupported by beds of earth^la^, or fand, which 

M a are 
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are greatly inferior in ipecific gravity. This is 
the cafe with moft hills, and is ealily perceived. 
But^ in high mountains, the fummits are not on> 
ly rocks, but thefe rocks are fupported by others j 
and this ftrudure runs through fuch an extent 
' bjr country, where one mountain rifes out of an- 
otber,* that k is difficult to determine whether 
they are founded on earth, ^r of what nature 
this earth is. 1 have f^n rocks cut perpendi- 
cularly for fome hundreds of feet ; but thefe 
rocks refted Upon other rocks^ without my be- 
ing able to perceive where they ended. May 
vre not, however, be allowed to conclude from 
the lefs to the ^eater? Since the rocks of fmall 
mountains, the bafes of which are viflble, reft 
upon earths lefs heavy and lefs folid than itone, 
is it not reafoaable to think, that earth is like- 
wife the bafis high mountains i ^Befides, all I 
have here advanced ^ tends to prove, that heavy 
bodies inight be accumulated, by the motion of 
the waters, alilitve light.oneS jAand, if thjs really 
takes place in i^oft hills, it is probable that it has 
happened in the manner pd^^ by my 

theory. But, ffiould it be objected, that I had 
no reafbn to fupj^l^ that, prior to the forma- 
tion of moun|ains,|be heavier |na|ter was below 
the lighter ; I ahfweir^ that I nothing with 
-^gard to this: ariidii^ bedsuie there are many 
-^“ ‘ways by which :,thi8|l|^c<^ might be produced, 
whether the heaVy ^patter was above or below, 
or placed igdiRrinunately : For, in order to 

conceive 
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conceive how the fea could 6rft form a moun- 
tain of clay, and then crown it with rock;s, we 
have only to coniider, that the fediments might 
be tranfported from different places, jand that 
they might confift of different materials. The 
fea might tranfport from one place feveral ledj- 
ments of clay, and afterwards dcpofit fediments 
of ftony matter j either becaufe all the clay at 
the bottom, or on the coafts, was exhaufted, 
and then the waves would attack the rocks f or, 
rather, becaufe the firft fediments were tranf- 
ported from one ^lacS, and the laft from a dif- 
ferent one. Befides, the latter correfponds ex- 
actly with experience ; for, it is a known faii, 
that beds of earth, ftone, graved fand, &c. fol- 
low no rule of arrangement:, but are placed in- 
differently, and, as it were, by chance^ one above 
another. ^ \ 

This chance. However, oug^t to have fonie 
rules, which can only be difeoyered by analogy 
and probable coi^i^ure. We h&ve feen, that, 
according to my theory of the formation of the 
globe, its interiof parts- (hould confift of vi- 
trified matter, fimilar to vitrified fand, which is 
only the fragments of glafs, aM of which the 
days are the fconae, or .^decompofed parts. 
Agreeable to tHM fuppofitit^# 
earth, and even neSr the^lbi^ce^^^^^^^ ftiould 
be compofed of glafs^prjwtdfied matter, and 
above this Ihould be founWaiil, clay, and other 
fcoriae. Thus* the earthi ori^^ ftate, 

M 3 was 
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was a nucleus of glafs, or of vitrified matter, 
either compail like glafs, or divided like land, 
(for that circumftance depends on the degree of 
heat applied) j above this matter was fand ; and, 
laftly, clay. The foil, or external coverings 
was produced from the air, and the mud of wa- 
, ter ; and it is more or lefs thick according to the 
lituation of the ground j more or lefs coloured, 
according to the different mixtures of mud, 
fand, clay, and the parts of decayed animals and 
vegetables ; and more or lefs fertile, according to 
the abundance or deficiency of thefe parts. To 
ihow that this account of the formation of fand 
and clay is not altogether imaginary, I lhall add 
a -few rernarks. 

I fuppofe the earth, in its fitft ftate, to have 
been a fpheroid of qompaft glafs, covered with 
a thin cruft of pumice-ftonej and other fcoria: 
of melted matter. The agitation of the air and 
of the water^ would foon reduce this cruft of 
pumice into powder or fand, which, by> uniting 
into maffes, would give rife^lo free-ftone and 
flints, the varieties of which j with regard to co- 
'lour and denfity, depend upon the different de- 
grees of fineneft of the land that compbfed 
them. 

. The cpnftitnent parts of fand unite by the 
^iSpplicatioh of ftrejn^ecbme very hardj compact, 
and more or lefs i^nfparent, according to the 
purity of the fat^ But, on the other hand, 
when expo^^fo the a^ion of the air, it exfo- 
liates, 
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Hates, falls down in the form of earth, and may 
thus produce clays of different kinds. This duff, 
which is Ibmetimes yellow, fometimes brilliant, 
and is ufed to dry writings, is nothing clfe than 
a fine fand, fomewhat corrupted, and nearly re- 
duced to an elementary ftate. Its particles, in 
time, become fo attenuated and divided, that 
they lofe the power of refledling light, and- ac- 
quire all the properties of clay. On examining 
a piece of clay, many of thefe fhining or talky 
particles appear ; becaufe they have not yet en- 
tirely loft their original form. Sand, therefore, 
in procefs of time, may produce clay j and this 
clay, by a farther divifion, acquires the qualities 
of mud or llime, a vitrifiable rnatter of the fame 
nature with clay. 

This theory is confirmed by daily experience. 
In waffling fand, the water becomes impreg- 
nated with a black, foft, fatty earth, which is 
a genuine clay. The njpd fwept from ftreets 
paved with free-ftone, is black and very fat, 
and, tvhen dried, it dilcovers itfelf to he an 
earth of the fame nature with clay. Clay, taken 
from places where there is neither flint nor 
free-ftone, and. diluted with water, always pre- 
cipitates a gteat quantity of vitrifiable fand. 

But, what clearly demonftrates the exiftence 
of fand, and even of fiin^and glafs, in clay, is, 
that the re-union of its j^i^rts, by the a^Iion of 
fire, reftores it to its dlrig^al form. Clay, when 
heated to the degree of dttkjnation, is covered 

M 4 with 
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with a hard coat of enamel ; if its internal parts 
are not vitrified, they become fo extremely hard 
as to relift the file ; they ftrike fire with the 
hammer, and acquire all the properties of flint ; 
A great degree of heat melts and converts them 
into real glals. 

Clay and fand, therefore, are fubftances per- 
fedily analogous, and of the fame kind. If clay 
can be condcnfed to flint, and even to glafs, why 
may not fand, by refolution, become clay ? 
Glafs appears to be the true elementary earth, 
and all mixed bodies are duly glafs in difguife. 
Metals, minerals, falts, &c. are only a vitrifiable 
earth : Common ftone, and other analogous bo- 
dies, teftaceous and cruftaceoub (hells, &c. are 
the only fubftances which cannot be vitrified, 
and which feem to form a diftin<ft clafs. The 
former, by the action of fire, may be converted 
into a homogeneous, hard, and tranfparent fub- 
fiance, without any sfiminution of its weight, 
and upon which no farliher change can be made. 
The latter, on the contrary, which confift of 
more aifiive and volatile principles, calcine in 
the fire, lofe more than a third of their weight, 
and relume the form of Ample earth, without 
any other change than the refolution of their 
conftituent pans. If thefe bodies be excepted, 
which are few in number, and of which the 
combinations produ^ few varieties in nature, 
all other fubftances, ^d particularly clay, may 
be converted into-sKiifs, and, confequently, are 

only 
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only glals in a decompofed ftate. If fire quickly 
vitrifies thefe fubftances, glafs itfelf, whether 
fimple, or in the form of fand or flint, naturally, 
but by a flow and infenfible progrefs, refolves 
into clay. 

in countries where flint is the predominant' 
ftone, the fields are commonly ftrewed with its 
fragments : If the place be uncultivated, and 
if the flints have remained long expofed to 
the air without being moved, their upper 
furface is always white; but the furface next 
the ground preferves its natural colour, which is 
very brown. When thefe flints are broken, the 
whitenefs appears to be not fuperficial only, but 
penetrates more or lefs into their internal parts, 
and forms a belt, which in fome is not very 
deep, but, in others occupies nearly the whole 
ftone. This white part is fomewhat granulated, 
perfe^ly opaque,- as tender as free- ftone, and 
adheres to the tongue like the boles. But the 
other portion of the flint is fmooth and polilhed, 
has neither thread nor grain, and preferves its ori- 
ginal colour, its tranfparency^ and its hardnefs. 
When this half decompofed flint is put into a 
furnace, the white part becomes red like a brick, 
and the brown part becomes exceedingly white. 
Why lhall we conclude, with a famous natu-» 
ralift, that flints of this khsid are imperfed, and 
that they are not old enough to have acquired 
their perfect ftate? For ' why fiiould they be all 
imperfeflf And why fliouW4flev be uniformly 

imperfe^ 
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imperfect on the fide only that is expofed to the 
air ? It is, on the contrary, much more probable, 
that they are changed from the original ftate, 
and partly deconipofed, and that they are gra- 
dually refolved into clay or bole. If this rea- 
• foning Ihould appear to be unfatisfaftory, ex- 
pofe to the air the harded and blacked: flint, in 
fefs than a year the colour of its furface will be 
changed ; and, if the experiment be farther pro- 
fecuted, the flint will be found gradually to lofe 
its hardnefs, its tranfparency, and its other fpe- 
cific charaders, and make daily approaches to 
the nature of clay. 

Sand undergoes tbs fame changes as flint. 
Every grain of land may, perhaps, be confidered 
as a fmall flint, arid every piece of flint as a col- 
ledion of fipe fand cemented together. The 
firft example of the decompofition of fand is 
exhibited in that Ihining, but opaque powder, 
called with which clay and flate are al- 

ways impregnated. The quartz, or perfedly 
tranfparent flints, in decompofing, produce fat 
and foft talks, fuch as thofe of Venice and Rufi 
lia, which are as dudile an4 vitrifiable as clay; 
and it appears, that talk is the mean between 
glafs, or tranfparent flint, and clay ; but that the 
grofs and impure flints, in decompofing, are con- 
^fted into clay witl^ut any intermediate ftate. 

Ouf made glafs Undergoes the fame change ; 
%hen long expoTed^to the air, it decompofes, 
and, as it were,,(^^?rupt8. At firft* it alTumcs a 

number 
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number of colours, then it exfoliates, and, in 
handling it, we perceive that many fiiining par-* 
tides fall off. But, - when its decompofition i$ 
farther advanced, it bruifes between the fingers, 
and is reduced to a very white, talky, and impal* 
pable powder. Art alfo imitates nature in the 
decompofition of glafs and flipt. ‘ Eft etiam 

* certa methodus, folius aquae communis ope, 

* filices et arenam in liquorem vifcofum, eun- 

* demquc in fal viride convertendi, et hoc in ole- 

* um rubicundum, &c. Solius ignis et aquae 

* ope, fpeciali expefimento, duriffimos quofque 

* lapides in mucorem refolvo, qui diftillans fub- 

* tilem fpiritum exhilsgt, et oleum nullis laudi- 

* bus praedicabile*.’ 

Thefe matters lhall be more fully cpnfidered 
when we treat of metals. We fhall here only 
add, that the different ftrata of the globe confift 
either of materials which may be confidered as 
adual vitrifications, or analogous to glafs, apd 
poffel^ng fts moft effential qualities. It is alfo 
evident, that, from the decompofition of glafs 
and flint, which daily takos place, there refultsa 
genuine clay. Hence we may conclude, with a 
high degree of probability, that fand and clays 
have originally been the fcoriae of burnt matter, 
efpecially when we join to the above circum- 
ftances, the ^proofs a which have beep, em*- 
ployed to ftiow that the fearth was formerly in 
a ftate of liquefadtioh occafioned by the opera* 
tion of fire. 

* Vid. Becher. Fh}'f. Siiburt. 
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Of Shells^ and other produSiions of the Sea^ found 
In the Interior Parts of the Earth. 

I Have often examined quarries, the ftones of 
which were full of fhells. I have feen whole 
hills compofed of ihells, and chains of rocks in- 
termixed with fhells through their whole extent. 
The quantity of fhells, and other produdlions 
of the fca, is, in many places, fo prodigious, that 
it,^Js difficult to believe any more of them 
ejdfted in their natural element. It is from 
this enormous quanthy that no doubt remains 
of the earths havifig continued for a very 
long time under the waters of the fea. The 
number of fea-f^lg^found in a foffil Or petri- 
fied ftate is jfo ^amazing, that were it not for 

this 



OF FOSSIL SHELLS, &c. 189 

this circumftance, we never (hould have had a 
proper idea of the furprifing quantities of thofe 
animals to which the ocean gives birth. We 
tnuft not, therefore, imagine, like thole who 
talk and reafon concerning things they never 
faw, that fliells are only to be found fcattered 
here and there by chance, or in fmall heaps, like 
thofe of oyfters thrown from our doors. They 
appear, on the contrary, in mafles like moun- 
tains, in banks of too or 200 leagues in length* 
They may often be traced through whole pro- 
vinces, and in mafles of 50 or 60 feet thick* 
It is only after having learned thefe fadis that a 
man is entitled to reafon on this fubjedt. 

The (hells of Turenne may ferve as a ftriking 
example. Let us attend to the defcription given 
of them by the hiftorian of the Academy *. 

‘ Though figured ftones, and even foflil (hells 

* found in the bowels of the earth were remark- 
‘ ed in all ages and nations, they were generally 

* confidered, even by philofophers, as lufus na- 

* turx; the produdlion of them was afcribed 
‘ to chance, or to fome unaccountable and for- 
‘ tuitous train of circumftances; and, o/ courfe, 
‘ this wonderful phasnomenon added nothing 
‘ to the ftock of knowledge. An ignorant pot- 

* ter in Paris f, who knew neither Greek nor 
‘ Latin, about the end of ?he 1 6th century, yiras 

‘ the 

• Annie 1720, p. 5- 

t The corrcrpondence of Pa!]iry*»k^eas with thofe of the 
ancienc5> is worth remarking. • Conchoids, arenas, buccfftas, 

. ^ caicuios 
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the firft man who ventured, in oppofitibn tO 

* all the learned, to alErm, that foffil ihells were 

* real fliells originally depofited by the Tea, in 
‘ thofe places were they are found; that real 

* animals, and particularly filhes, bellowed on fi- 

* gured Hones their various forms, &:c. and he 
‘ boldly defied the whole fchool of Ariftotle to 
‘ invalidate his proofs. His name was Bernard 
‘ Paliffy ; and he was perhaps the moll confpi- 

* cuous example of a philofophical. genius, un-* 
‘ improved by art or learning. His fyftem, 

* however, has lain dormmt for near a century, 
‘ and even his name has almoH been forgot. 

‘ At laft, leveral philofophers revived Palifly’s 
‘ ideas; and fcience has derived great advantage 

* from all the folTil Ihells and figured Hones 

* which have appeared in the earth : They are 

* now, perhaps, become too common, and the 

‘ confeque'nces drawn from them too incon- 
‘.teftible. ■ ’ 

‘ But Reaumur’s late obfervations on the fub- 

* jedl are aftpnifliing. He difcovered®a mals 
‘ belbw ground of 130,680,000 cubic fathoms 

* of fliells, either whole or in fragments, with- 

* out the leaH mixture of Hone, earth, fand, or 
‘ other foreign matter. Before this remarkable 
‘ inflance, folfil fliells never appeared in fucli 

* enormous quantities* nor without being mixed 

^calculos varieinfebos, frequenej (blo> quibufdain etiam in mon- 
•\tib«s reperiri, cerium iignum maris alluvione C03 cooper tos 
/ locos vojunc Herod o^jj^ xiaio, Strabo, Seneca* Tcrtullianus, 

* Plutarchus, Ovi.dii/s, et alii;’ Vide Daufqui,Tcrraetaqoa,p.7. 

?; ‘ with 
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* with other bodies. This prodigious mafs lies 
‘ in Turehne, more than 36 leagues from the 

* fea. It is of great fervice to the peafants of 
‘ that province ; they ufe the fhells for marl in 

* fertilizing their lands, which would otherwife 
‘ be perfe^lly barren, 

* What the peafants dig out of the earth, to 

* the depth of eight or nine feet, confifts only 
‘ of fragments of fhells; but thefe fragments arc 
‘ eafily recognUed to be thofe of real fliclls; fot 

* they ftill retain their original channels or fur- 

* rows, and have onfy loft their luftre and var*- 

* nifh, as raoift fhells do, after having remained 

* long under ground. The fmalleft fragments 

* are only duft; but we know them to be the 

* duft of fhells, becaufe they confift of the very 
‘ fame matter with the larger fragments, and 

* the entire fhells, which are fometimes found. 

‘ The fpecies both of the large fragments and 
‘ of the entire fhells, are eafily dlftinguifhable. 

‘ Som^of thefe ^ecies belong to the coaft of 

* Poitou, and others of them to foreign fhorcs. 

‘ This mafs likewife furniflies corals, and other 

* productions of the fea. Falun is the name by 
‘ which this matter is diftinguifhed in that pro- 
‘ vince; and it is found, wherever the ground 

* is dug, through an extent of about nine leagues 
‘ fquare. The peafants never dig deeper than 

* about 20 feet; becaufe, fays Reaumur, they 
‘ imagine that the expence of labour would exr- 
‘ ceed the value of the commodity. They might, 

- * however. 
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* however, dig deeper* But our calculation of 

* 130,680,000 cubic fathoms proceeds upon the 

* fuppofition of only 18 feet deep, and aaoo 

* fathoms to the league. Every article, there- 
‘ fore, is undervalued, and this maft of Ihells 

* mull greatly exceed the above calculsition; if 
‘ the quantity be only doubled, this wonderful 
‘ phasnomenon will be greatly augmented. 

* In phyfical fads, there are little circum- 
‘ fiances, often overlooked by the bulk of man- 

* kind, which are, nqtwithftanding, of great 

* confequence in illuflratihg the fubjed. M. de 

* Reaumur has remarked, that all the fragments 
‘ offhells lie horizontally in the great mafsj from 

* which he concludes, that the fragments'^'were 

* not depofited at the fame time with the entire 

* fhells which originally formed this mafs ; be- 

* caufe, fays he, the fuperior fhells would, by 

* their weight, have broken the inferior ones, 

* and the fragments, in that cafe, would necef- 

* farily have been difpofed in a thoufand differ- 
‘ ent diredions. The whole, therefore, whether 
‘ entire or broken, muft have been gradually 
‘ tranfported thither by the fea, and, of courfe, 

* their pofition muft have been horizontal. But, 

* though time alone was fufficieift tohreakthem 

* v^pwn, and even to calcine them, it could not 
^H*^ary their original pofition. Their tranlport- 
‘ ation muft have been gradual j for, it is im- 
* , poffible that fuch an immenfe nqmber of ihells 

* could, be fuddenly crouded together^ and yet 

* preferve 


9 



QF FOSSIL SHELLS, &c. 

preferve a pofition uniformly horizontal ; and 
their being aflembled in one place, demonllrates 
this place to have once been the bottom of a 
gulf or bafooi 

* Though there are many veftiges of the unl- 
verfal deluge which is recorded in fcripture, yet 
the mafs of (hells at Turenne could not be an ef- 
fe<St of this deluge* Perhaps fuch an amazing 
mafs is no where to be found, even in the bot- 
tom of the fea. But, fuppofing the deluge to 
have forced fuch a quantity from the ocean, 
they would neceflarily be carried off v/ith vio- 
lence and precipitation ; and, confequently, 
could never have been depofited in the fame 
pohtion. They muft have been tranfported, 
flowly floating in the waves ; and, of courfe, 
their accumulation would require a much 
longer time than a year. 

* Upon the whole, it is plain, that, either be- 

fore or after the deluge, the earth, at leaft fome 
parts of it, muft have been in a very different 
fituation from what it now appears; that the 
fea and land muft have had a different arrange- 
ment ; and that there was formerly a great 
gulf In the middle of Turenne. The changes 
recorded in hiftory, or even in ancient fable, 
are incOnfiderable ; but they give us fome idea 
of what might be prtoduced in a long feries of 
ages. M. de Reaumur conje<3;ures, that Tu- 
renhe was/ormerly a gulf of the fea, and that 
the ftielU ^yere tran^ofted by a current. But 
VOL. I. N ’ ‘ this 
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* this is only a mere conjedure, thrown out to 
‘ fupply the place of a fa£t as yet imperfcO:ly 

* known. Before any certain conclufion can 

* be drawn, wemuft have. geographical charts of 
‘ all thofe places where (hells are found b*elow 

* the furface of the earth. To accomplilh this, 

* much time and numberlefs obfervations are 

* requifite. Science, however, may in time be 

* carried thus far.’ 

An attention to the following circumftances 
will lelTen our furprife at this great collection cf 
flieils : I, Shell-fifli multiply prodigioufly, and 
arrive at maturity in a very (hort time. The 
multitude of individuals in every fpecies is a 
demonftration of their amazing fertility. In a 
(ingle day, for example, a raafs of oyflers, of 
feveral fathoms in thicknefs, is often raifcd ; 
the rocks to which they are attached, diminidi 
coniiderably in a (hort time ; and feme banks 
are entirely exhaufted. The following year, 
however, furnilhes an equal quantity, and not 
the fmalieft diminution appears. It is even 
doubted, whether a natural bed of oyfters was 
ever entirely exhauRed. 2. The fubftance of 
(hells is analogous to that of (lone; they are 
long preferred when immerfed in foft matter ; 
and they eafily petrify when connefted with 
matter naturally hard ; thefe foffil (hells, there- 
fore, and other productions of the lea found oil 
laud, being the fpoils of many ages, muft necef- 
ferily ha.ve accumulated into large inalTes. 

16 
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We have •already remarked the prodigious 
quantities of ftiells preferved in marble, lime- 
flone, chalk, marl, &c. They appear in 
maflcs like hills or mountains ; and they often 
compofe more than one half of the bodies 
in which they are contained. Sometimes they- 
appear entire, and at other times in fragments, 
but large enough to enable us to diftinguifh their 
refpedive fpecies. Her§ our knowledge of this 
fubjedl, derived from obfervation, ftops. But I 
go farther, and maintain, that Ihells are the me- 
dium employed by nature in the formation of 
moft ftones; that chalk, marl, and lime-ftoncj 
coniift entirely of the dull or fragments of fliells; 
and, confcquently, that the quantity of decom- 
pofed fhells is infinitely greater than that of 
thofe which have been preferved. Thefe pofi- 
tions ihall be fully eftablifhed in the fedtion upon 
minerals ; and I fhall only here exhibit the 
point of view in which the different ftrata of 
the earth ought to be confidered. The firft bed, 
in which nothing of the original ftrudlure ap- 
pears, is compofed of mud depofited by dews, 
rains, and fnow, and of particles of animal and 
vegetable fubftances. The inferior beds of 
chalk, marl, lime-ftone, and marble, are com- 
pofed of the fpoils of Ihells and other fea-bo- 
dies, mixed occafionally v^ith entire fhells • ot 
fragments of them. But clay and viirifiable 
fand are the materials which compofe the inter- 
nal parts of the ^lobe. Thefe fubftances were 
. W 2 . vitrified 
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vitrified at the time the earth afiumed its figure, 
■which neceflarily implies, that the whole was 
then in a melted fiiate. The difierent fpecies of 
granite, flint, free-ftone in large maflTes, flate, 
and coal, derive their origin from fand and 
clay, and are alfo difpofed in beds. But tufa 
and pumice, free-ftone and flint in fmall or de- 
tached ' pieces, cryftals, metals, pyrites, moft 
minerals, fulphurs, &(^ are matters, the forma- 
tion of which is recent, when compared with 
that of marble, calcinable ftones, chalk, marl, 
and other fubftances that %re dilpofed in hori- 
zontal beds, and contain ihells, or other relics 
of the ocean. 

As the terms I have employed may appear 
obfcure or ambiguous, it is neceflary to explain 
them. By c/ajySf I mean not only the white and 
yellow clays, but likewife the blue, the foft, the 
hard, the laminated, &c. which I confider to be 
the fcorise of glafs, or the decompofitions of 
glafs. By I always underftand v5,trifiable 
land ; and I comprehend, under this denomina- 
tion, not only the fine fand which produces free- 
ftone, and which I maintain to be the powder 
of glafs, or rather of tufa, but alfo that fand rub- 
bed off free-ftone, and the ftill groffer kind re- 
fembling fmall gravel, proceeding from granite 
and rock-ftone, and wHiqh is brittle, angular, 
and reddilh, and generally found in the beds 
of thofe rivers which defcend precipitantly 
from hills or mountains compofed of granite 

■or 


15 



OF FOSSIL SHELLS, &c. 197 

or common rock. The river Armanfon, which 
runs by Semur in Auxbis, where all the ftones 
are of common rock, carries down great quan- 
tities of this grofs, rough, and brittle fand. It 
is of the fame nature with rock-ftone, of which 
it is only fmall portions, as calcinable gravels 
are only particles of free-ftone. Belides, 
rock-ftone and granite are the fame fubftances ; 
but I have ufed both terms, becaufe they are 
confidered by fome as different fpccies. The 
fame may be remarked of flints and of free- 
ftone in large maflis : Thefe alfo are fpecies 
of granite ; and I call them flints in large 
mafles, becaufe, like calcinable ftones, they are 
difpofed in beds, and alfo to diftinguifti them 
from flints and free-ftone in fmall mafles, as the 
round flints and fand-ftones, w-hich have no con- 
tinuation, or are not found in beds of any ex- 
tent. Thefe are recent produftions, and have 
not the fame origin as flint and free-ftone in 
large rgaffes, which form regular and extenfive 
ftrata. Under Jlate I comprehend the blue, the 
white, the gray, the reddifh, and all the plated 
ftones. Thefe bodies are generally found be- 
low laminated clay, and feem to be nothing elfe 
but clay hardened into thin ftrata by drying ; 
and this is the reafon of fo many cracks or fif- 
fures remarkable in fuch fybftances. Coal and 
jet are likewife referable to clay, and are found 
under the laminated clays or flate. By tufa I 
mean not only the common piumice which is 

N 3 full 
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full of holes, and has an organized appearance, 
but all beds of ftone formed by the fediments of 
running waters, all the ftalactites, incruftations, 
and every kind of ftone that diilblves by ure. 
It does not admit of a doubt that all %efe are 
new fubftances, and that they are conftanlly 
growing. Tufa is only a mafs of ftony matter, 
not diftinguilhed by regular ftrata. This mat- 
ter is commonly found in fmall hollow cylin- 
ders, is regularly fliaped, formed by rills or per- 
calations at the foot or upon the declivities of 
hills, and confiding of coats t:)f marl or calcareous 
earth. The cylindric form is the fpecific cha- 
ra£ter of this kind of tufa, and it is ahvavs ei- 
ther oblique or ftraight, according to the direc- 
tion of the rills by which it is produced. The ex- 
tent of thefe fpurious quarries is inconfiderable, 
and generally proportioned to the height of the 
mountains which furnilh the materials of their 
growth. The intervals between the cylinders 
of the tufa, by the daily addition of freft^ ftony 
matter, are at laft filled up, and the whole af- 
fumes a compaft and folid form ; but it never 
acquires the hardnefs of ftone, and; for that rea- 
fon, is denominated by Agricola, marga tofacea 
fijiulofa. In the tufa are often found impref- 
fions of the leaves of fuch trees and plants as 
grow in the neighbourhood j land-Ihells, well 
pieferved, are likewife frequently found in the 
tufa, but never fea-fliells is, therefore^ a 
recent produdtion, an4 ought to be ranked with 

ftala£tites, 
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ftala£titeSj incruftations, &c. All theft new 
fubftances are a kind of fpurious Hones, formed 
by the walling of others, but never arrive at the 
confiften^,of real petrifaction. • 

GryflilJ^ previous Hones, every Hone that has 
a regular figure, and even flints in finall mafles, 
and confifling of concentric coats, whether 
found in the perpendicular fiffures of rocks, or 
elfewhere, are only exudations, or the concret- 
ing juices of flint in large mafles ; they are, 
theiefore, new and fpurious produftions, the 
genuine HalaCtites of 41 int or of granite. 

Shells are never found in common rock or 
granite, nor in free-Hone, although they often 
'appear in vitrifiable fand, from which free-ftone 
derives its origin. This circumftance ftems to 
indicate, that fand, unlefs when perfectly pure, 
cannot unite into free-Hone or granite ; and that 
a mixture of Hiells, or of other heterogeneous 
bodies, totally prevents it from cementing. I 
have ol^en examined thofe fmall round Hones, 
found in beds of fand which are mixed with 
fliellsi and never could difeover in them a Angle 
Ihell. Theft rovtnd Hones are true concretions 
of free-Hone, formed in thofe places where the 
fand is pure, and not mixed with heterogeneous 
matter j which is the reafon why no larger 
mafles are produced. ' ^ . 

We formerly remarked, that, at AmHerdauQy 
which is a very Upw’ country, fea-lhells Wfcre 
fonnd 100 feet below the furface, andajt hdai^^. 

4 la-Ville, 
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■la-Ville, 6 leagues from Paris, at the depth of 
75 feet. They have alfo been found in mines 
below beds of rock of 50, loo, 200, and even 
of 1000 feet thick, as is apparent ^i tt^th e Alps 
and Pyrennees, where (hells and other ^S^-hodies 
are found in the inferior ftrata of immenle 
rocks, which have been cut through in a perpen- 
dicular diredion. But to proceed in order ; 
Shells are found in the mountains of Spain, 
France, and England, in all the marble quarries 
of Flanders, in the mountains of Gueldres, in 
all the hills round Paris, Jh thofe of Burgundy 
and Champagne; in a word, in all places where 
the balls is not compofed of free-ftone or tufa ; 
and, in all thefe places, thfe fubftance of the 
Hones confifts more of (hells than of any other 
matter. By (hells, I mean not oply the re-^ 
mains of (hell-filh, but likewife thofe of crufta- 
ceous animals, the briftles of fea-hedge-hogs, 
and all the produdions of fea-infeds, as co- 
rals, madrepores, aftrdites, &c. Any mf n may 
be convinced, by the evidence of his own eyes, 
that, in moft marbles and calcinable ftones, the 
proportion of fea- bodies is fo great, as to exceed 
the matter by which they are united. 

But, faMier, fea-bodies are found even on the 
tops the higheft mountains of the Alps ; for 
exati|^ll, on the top of Mount Genis, in the^ 
jljibuntains of Genes, in the Apennines, and in 
^dft of the ftone and marble quarries of Italy. 
They appear ia the ftones of which the moft 

ancient 
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fincienf buildings in Rome are conftrufted, in 
the mountains of Tirol, in the centre of Italy^ 
c-n the top of Mount Paterne near Boulogne, in 
the hills of Pouille, in thofe of Calabria, in many 
parts oPdermany and of Hungary, and, laftly, 
in all the high grounds of Europe*. 

In Alia and Africa, travellers have obferved 
fea-lhells’ in feveral places ; for example, * upon 
‘ the Caftravan mountains, above Baruth,’ fays 
Shaw f , ‘ where there is a curious bed of whitifli 

* Hone, but of the flate-kind, which contains, in 
‘ every fleak of it, a* great number and variety 

* of fifties. Thefc, for the moft part, lie ex- 

* ceedingly flat and compreflTed, like the foflil 

* fern plants j yet, at the fame time, they are fo 
‘ well preferved, that the fmallefl ftrokes and 

* lineaments of their fins, fcales, and other fu- 
‘ perficial diverfitics, are eafily diflinguifhed.* 
Between Cairo and Suez, and particularly upon 
all the hills of Barbary, fays the fame author, 
are m^ny petrified ^ells and echini ; moft of 
them exaflly correfpond with the different Ipe- 
cies ftill exifting in the Red Sea. As to Europe, 
petrified fifties are to be met with in Switzer- 
land, Germany, the quarry of Oningen, &c. 

Foflil (hells, fays M. Bourguet, are to be 
found in the long chain of mountains ftretcbr 
ing from Portugal to the moft eafterly parts of 
China, in the valleys of £urop§^ and in. all the 

• See Steno, Ray, Woodward, See. 
f SecSljaw’* Travels, p. 344. 
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mountains of Africa and America ; and'' hence, 
be remarks, we may . conclude, that they allb 
exift in thofe parts of the globe with which we 
are ftill unacquainted. 

The illands of Europe, of Afia, and of Ame- 
rica, wherever men have had occafion to dig, 
whether in the mountains or in the valleys, 
furnifti many fpecimens of foflil fhells; and 
this circuinftance demonftrates, that iflanda are 
analogous in ftru(Sture and formation to their 
neighbouring continents*. 

Thefe fads urc fufficientt to prove, that fo/Hl 
fiiells, petrified fifhes, and other produdions of 
the ocean, exift in great quantities in almoft 
every place where proper inveftigations have 
been made. * It is true,’ fays Tancrid Robin- 
fon, ‘ that fea-fhells are difperfed occafionally 

* on the earth by armies, and by the inhabitants 
‘ of towns and villages. La Loubere relates, in 
‘ his voyage to Siam, that the monkeys of the 

* Cape of Good Hope per|Mtually amufq them- 

* felves by tranfporting IheHs from the fhores of 

* the fea to the tops of the mountains. But this 

* is no folution to the queftion, why thefe fhells 

* are difperfed through every climate of the 
‘ earth, or why they are found in the bowels of 

* the higheft mountains, aqd di^ofed ip beds^ 

* hkeihbfe in the bottom of the ocean.’ 

I^^pon perufing an. Italian letter, printed at 
I^ris in the year 1746, concerning the changes 

* See LeUres philofoph. for la fornStion dei fels, p. 205. 
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this globe has undergone, I was aftoniflied to 
llnd a ' epetition of Loubere’s fentiments. Pe- 
trified filhes, in the opinion of this writer, are 
alwat's oi rare fpecies, which were rejedlied front 
the • Roman tables, becaufe they were not 
eftefiinrid to be wholefome : And as to fofiil 
flielh. he fays, that the pilgrims brought 
fro!i r ria, in the time of the crufades, thofe 
ilicll ; i culiar to the Levant, which are now 
found petrified in France, in Italy, and in other 
p,\’ ts of Chriftendom. Why did he not add, 
that the monkeys transported fliells to the tops 
of the higheft mountains, which never were 
inhabited by men? This he might have done 
with great facility, and it would have given an 
air of credibility to his hypothefis! How fhould 
men, who pretend to philofophy, differ fo wide- 
ly in their opinions ? It is not fufficient, it 
v^ould appear, to find foffil Ihells in almoft 
every part of the earth where pits have been 
dug, nor to have quoted the teftimonies of na- 
tural hiftorians, as thefe authors may, according 
to certain fyfteras, have imagined that fhells ex- 
ifted where none were to be found : We (hall, 
therefore, to prevent all prejudices of this kind, 
quote the authority of fome authors who had 
no theory to fupport, and whofe habits of oh- 
fervation could only enable them to recogniie 
fhells that were entire, and in the beft preferva- 
tion. This teftimony ^ill, perhaps, have great- 
er authority i; 7 ith men who cannot judgq of the 

fafts. 
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fads, nor know the diftindion between real 
ihells and their petrifadions. 

Every man may examine with his eyes the 
banks of fhells in- the hills round Paris, and 
efpecially in the ftone-quarries, as at Chavfflee 
near Seve, at Ifly, Pafly, and other places. A 
great quantity of lenticular ftones are to be 
found at Villers-Cotterets j the rocks are almofl; 
entirely compofed of thefe ftones; and they are 
irregularly interfperfed with a kind of cement, 
by which they are united. At Chaumont, the 
quantity of 'fhells is fo ^reat, that the whole 
hills, which are pretty high, appear to confift of 
nothing elfe. Tlie fame phtenomenon is exhi- 
bited at Courtagnon near Rheims, where there 
is a bank of fhells of about four leagues broad, 
and the length is ftill more confiderable. I 
mention thefe places, becaufe they are famous, 
and the fhells ftrike the eye of every beholder. 

With regard to foreign countries, let us at- 
tend to the remarks of travellers. ^ 

* In Syria and Phoenicia, in the neighbour- 

* hood particularly of Latikea, the rocks are of 
a hard chalky fubftance, from whence the ad- 

*. jacent city might borrow the name of the 

* White Promontory, The Nakoura, formerly 

* called the Scala Tyriorum, is of the fame na- 

* tureand complexion ; both of them including 

* a great variety of corals, fhells, and other re- 
mains of the deluge^.* ' 

* See Shaw’s Travels, p> 344. 
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^ But fofljl fliells, and other the like teftimo- 
‘ nies of the deluge, are very rare in the moun- 

* tains near Sinai, the original menftruum,. per- 

* haps, of thefe marbles, being too corrofive to 

* preferve them. Yet, at Corondel, where the 

* rocks approach nearer to our free-ftone, I 
‘ found a few chamas and pedunculi, and a cu- 
‘ rious echinus of the difcoid kind. The ruins 

* of the finall village at Ain-el-Moufa, and the 
‘ feveral conveyances we have there for water, 
‘ are all of them full of foffil fhells. The old 
‘ walls of Suez, and Ae remains that are left us 

* of its harbour, are likewife of the fame ma- 
‘ terials, all of them probably from the fame 
‘ quarry. Between Suez and Cairo, likewile, 
‘ and all over the mountains of Lybia, near 
‘ Egypt, every little riling ground and hillock 

* difcovers great quantities of the echini, as well 
‘ as of the bivalve and turbinated Ihells, moft of 
‘ which exactly correfpond with their refpeilive 

* familifs ftill preferred in the Red Sea *.* 

The moving fand in the neighbourhood of 

Raz Sem, in the kingdom- of Barca, covers many 
palm-trees, echini, and other petrifactions. Rass 
Seme fignifies ibe bead of a fjh, and is the name 
of what, is called the petrilied village, where it 
has been alledged, that men and women, with 
their children, cattle, furniture, &c. may be fqen 
converted into ftone. ‘ But,’ fays Mr. Shaw, 

* all this is mere fidion, as I learned not only 

• ®haw*8 Travels^ p. 444. 
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* froin Mr. Mair, Conful at Tripoli, who fetit fc* 
‘ veral people to examine into the fad, but alfo 

* from men of credit and learning who had been 

‘ on the fpot.’' ■ 

Near the Pyramids Mr. Shaw difcovered fome 
fiones which had been hewn by workmen, and 
were mixed with little round bodies like lentils, 
and fome of them refembled barley half peeled. 

* Thefe,’ he fays, ‘ were fuppofed to have been 

* fragments of viduals left by the workmen, 
‘ and are now petrified. But this account ap- 

* pears to be veiy improbable,’ &c. Thefe 
lentils and grains of barley are nothing but pe- 
trified fhells, known to every naturalift by the 
name of lentil- ftones. 

* Many foffil ftones,’ fays Miflbn * are 

* found in the neighbourhood of Maeftricht, 
‘ efpccially near the village of Ziehen or Tichen, 

* and in the mountain called the /funs. 

‘ In the environs of Sienne, near Certaldo, 
‘ are many mountains of fand filled wit{> differ- 

* ent kinds of Ihells. Monte-mario, about a 

* mile from Rome, is alfo full of them. I have 
‘ remarked them in the Alps, in France, and 

* in other placQs. Orlearius, Steno, Cambden, 

* Sp^ed, and many other writers, have related 
*, thl^me phsenomena f. 

* * The ifland of perigo,’ fays Thevenot 

* was called Porpbyris by the ancients, on ac- 

« See Voyage de Miflbn, tomt 3 * p. 109. 
f. Ibid. tom. 2. p. 3*2; 

'.J Voyage de Thevenot, tojni. i. p» ^ 5 * 
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‘ count of the quantities of porphyry found in 

* it.’ Now, porphyry, as obferved above, is 
compofed of the prickles of the echinus, or fea- 
heclge-hog, united by a very hard ftony cement. 

‘ Oppolite to Inchene, a village on the eaft 
‘ bank of the Nile, I found petrified plants 

* growing naturally on a piece of ground about 
‘ two leagues in length, and of an inconfiderable 
‘ breadth. ' This is one of the moll; fingular 
‘ productions in nature. The plants refembled 
‘ the w'hite corals "which grow in the Red Sea*.* 

‘ There are feveral'*fpecies of petrifadion on 
‘ Mount Libanus, and, among others, flat ftoncs 
‘ which contain the fkeletons of filhes entire, 
‘ and well preferved ; chefnuts, and fmall 
‘ branches of coral, of the fame Ipecies with 
‘ what grows in the Red Sea, are likewife found 
‘ on tl\is mountain j*.’ 

‘ In mount Carmel,’ fays Shaw, * we gather n 

* great many hollow Hones, lined in their infides 
‘ with a^variety of fparry matter, which, from 
‘ fome diftant refemblance, are faid to be petri- 
‘ lied olives, melons, peaches, and other fruit. 
‘ Thefe are commonly bellowed upon pilgrims, 
‘ not only as curiofities, but as antidotes againfl: 

* feveral diftempers> The olives, which are 
‘ lapides Judaici^ as they are commonly Called, 
‘ have been always looked upon, when diflblved 

* in the juice of len^ons, as an approved medi- 

* See Voyage de Paul Lucas, tom. 2. p. 580. 
t Ibid. toin./3« p> 326. 
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* cine againfl: the ftone and gravel Thefe 
lapides yudaici are the points of the echinus. 

* M. la Roche, a phyfician^ gave me forae 

* petrified oliveSj called lapides yudaici, which 

* grow in great quantities tipOn the mountains, 
‘ where are to be found, according to my in- 

* formation, other ftones* which in their infide 

* contain perfeft reprefentations of the natural 

* parts of men and women f. , Thefe are the 

* hyfterolithes.* 

‘ In going from Smyrna to Tauris,’ fays Ta*« 
vernier, ‘ when we came to Tocat, tlie heat was 
‘ excellive ; we therefore left the common road 

* to the north of us, and went by the mountains, 

* where there are always fliade and cool breezes. 
‘ In many places we found fnow ; and, upon the 

* tops of fome of thefe mountains, we f^w fhells 

* refembling thofe upon the fea-lhore, which is 
‘ an extraordinary phaenomenon.’ 

Let us attend to what Olearius fays concern- 
ing the petrified fhells he obferved in P^ffia, and 
in the rocks where the fepulchres have been 
cut near the village Pyrmarus. 

* Three of us afcended, by mutually affifting 

* each other, the moft frightful precipices, and 
‘ at laft gained the fummit, where we found 
‘ four large chambers, with feveral niches cut 
‘ ,©ui of the folid rock : But what ftruck us moft 

was, to find in this vaqjtj . on the top of the 

r ' * ' ' ■ 

* See Shaw’s Traveh, p. 444. 
t Voyag, de Monconys, p. 334, 

^ ‘ mountain, 
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* mountain,, mufcle-fhells ; and in fome parts 
‘ they appeared in fuch quantities, that this 

* whole rock Teemed to eontift of nothing but 

* fand and Ihells. In returning from Perfia, 

* we perceived feveral of thefe flielly mountains 

* upon the coafts of the Cafpian Sea.’ 

To thefe authorities many others might be 
added, were I not apprehenfive of tiring thofe 
who need no additional proofs on this fubje<S):, 
and who have perceived with their eyes, as I 
have done, the exiftence of Ihells in all places 
w'here they have beerf fearched for. 

In France, we find not only the fhells belong- 
ing to our own coafts, but thofe which never 
appeared in our Teas. Some philofophers even 
alledge, that the number of foreign petrified 
Ihells greatly exceed thofe of our own climate. 
But this opinion feems not to be well founded ; 
for, independent of fuch fhells as lie in the bot- 
tom of deep water, and are feldom brought up 
by fifhe|B, and, of courfe, are regarded by us as 
foreigners, though they may exift in our Teas, I 
find, upon comparifon, that more of the petrified 
fhells belong to our own fliores than to any 
other. For example, all the pe^ftines, raoft 
cockles, mufcles, oy^ers, trumpet-fhells, ear- 
fhells, limpets, nautili, ftars, tubulites, corals 
madrep,ores, &c. which, are found fo univerfelly, 
are really prodiiced ,m our Teas : And,- though 
many fea-bodieslapp^^ which are either foreign 
or unknown, as the cornu ammonis, the la- 
VOL. I. o pides 
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fndes Judaici, the large fcrew, the buccinum, call^ 
ed abajour^ See, yet I am convinced, by repeat- 
ed obfervation, that the number of thefe fpe- 
cies is inconiiderable, when compared with the 
fhells which belong to our own coafts. Befides, 
the madrepores, aftroites, and all thofe fea*^bodies 
formed by infedts, conftitute the bafis of our 
marbles and lime-ftone j for the fhells, however 
abundant, make but a fmall part of thefe flones, 
and many of them are produced in our own 
feas, and particularly in the Mediterranean. 

The Red Sea products corals, madrepores, 
and fea-plants, more abundantly than any other. 
The port of Tor furniflies an amazing quantity. 
In calm weather, the quantity exhibited is fo 
great, that the bottom of the fea refcmbles a 
foreft. Some of the branched madrepores rife 
from eight to ten feet high. They are allb 
very common in different parts of the Me- 
diterranean j and are to be found in all gulfs, 
iflands, &c. of every temperate climat;^, where 
the fea is not very deep. 

Mr. Peyffonel was the firft who difeovered 
that coral, madrepores, &c. were not plants, but 
that they derived their origin from animals. 
The truth of this difeovepy was long doubted. 
Some naturalifts at jSrft rejeSed it with dil- 
daiii. But it foon^gatned univerfal affent ; and 
every man is now fatisfied,, that what was for- 
merly called fea-plarits,/are nothing but hives, 
dr rather lodges, formed by inledls for their own 

\ habitation. 
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habitation. Thefe bodies were originally elafled 
with minerals, then with plants, and now they 
muft for ever be recognifed as the genuine ope-* 
ration animals. 

Many fliell-fifli inhabit the deepefl: parts of 
the ocean, and are never thrown upon the coafts ; 
authors have, therefore, termed them Pelagia^ 
to diftinguifti them from the other kinds, which 
they call Uttoraks, It is probable that the cornu 
aramonis, and fome other fpecies, found only in 
a petrified ftate, belong to the former, and that 
they have been impregnated with ftony matter 
in the very places where they are difcovered. It 
is alfo probable, that the ipecies of fome animals 
have been extinguilhed, and that thefe ihells 
may be ranked among their number. The ex- 
traordinary foflil bones found in Siberia, in Ca-r 
nada, in Ireland, and ieveral other places, feem 
to confirm this ggnjedture ; for no animal has 
hitherto been difcovered to whom bonei of fuch 
enormo|^ fize could pollibly belong. 

Foflil fliells, fays Woodward, are found from 
the top to the bottom of quarries, in pits, and in 
the deepefl mines of Hungary : And we are in- 
formed by Mr. Ray, that they are found in the 
rocks on the ftiores <jl^Calda, and in Pembroker 
Ihire, at the depth of 2d\fathoms*'. 

Shells not only appear in a petrified ftate at 
great depths, and on the tops of the higheft 
mountains, but the^lle alfp fqund in their ua- 
♦ See R»j!^s*difcororfe«, p. 17S. 
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tural condition, having the colour, luftre, and 
lightnefs of fea^fhells ; fo that, to be fully fatif- 
fied on this fubjeit, nothing farther is requifite 
than to compare them with the {hells found on 
the ihores of the fea» The flighteft examina- 
tion will convince us, that petrified and foffil 
ihells are precifely the fame with thofe of the 
ocean ; for they are marked with the fame fur- 
rows and articulations, f however minute; and, 
in the glolTopetri and other teeth of filhes, which 
are fometimes found adhering to the jaw-bone, 
it is obvious, that the teeth are worn and po- 
lifhed at the extremities, and that they have been 
ufed by the living animals. 

Foflfil (hells are almoft every where to be met 
with ; and, of thofe of the fame fpecies, fome 
are fmall, others large, fome young, others old, 
fome entire, others imperfed; and fometimes 
young ones appear adhering tr>- the old. 

The *{hell-fi{h called Purpura has a long 
tongue the exti-emity of wliich .is fo fj’iarp and 
ofleous, that it pierces the fliells of other filhes, 
In order to extradb nourilhment from them. 
Shells pierced in this manner are often found 
in the bowels of the earth ; which is an incon- 
teftible proof that they wefg formerly inhabited 
by living filhes, and tluifthey exifted in the fame 
pMfces with the purpura*. 

The obelifks of St. Pete’s at Rome, accord- 
ing to John of Latrari, were fald to have beeh 
;* See Woodward, p. 
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brought from the Egyptian pyramids : They 
, confift of a red gtanite, which, as formerly re- 
marked, contains no fliells. But the ancien; 
marbles of Africa and Egypt, and the porphyry 
faid to have been brought from Solomon’s 
temple, and the palaces of the Egyptian kings, 
and employed ihfeveral of the Roman buildings, 
are full of (hells. Red porphyry is compofed 
of an infinite number of the prickles of that 
I’pecies of echinus called a fea-chefnut ; they 
are placed very near each other, and form the 
white points of the porphyry. Each of thefe 
points have a black fpeck in the middle, which 
is the fe£tion of the longitudinal tube of the 
prickle of the echinus. At Hein in Burgundy, 
three leagues from Dijon, there is a red ftone 
lb fimilar to porphyry, that it differs only in 
denfity, not being harder than marble : It is en- 
tirely compofed Q^the points or prickles of the 
echini, and the flratum of it is confiderable both 
in thickn/fs and extent. Many excellent pieces 
of workmanfltip are made of it in this province, 
and particularly the fleps which lead to the pe- 
deftal of the equellrian ftatue of Louis le Grand, 
at Dijon. This fpecies of ftone is alfo found in 
Montbard in Burgundy; it is fofter than marble; 
but it contains ftill morS^prickles of the echini, 
and a fmaller proportion of. red matter. Thus 
• the ancient porphyry of Egypt, and the por- 
phyry of Burgundyv^iffer only in the de- 
gree of hardnefs, and in the quantity of 
O 3 prickles 
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prickles or points of the echinus contained in 
them. 

With regard to what is called green porphyry* 
I imagine it to be rather a granite than a por- 
phyry, It is not, like the red porphyry, com- 
pofed of the prickles of the echinus ; and its 
fubftance has a greater refemblance to that of 
common granite. The ancient walls of Vola- 
tera in Tufcany have been built of ftones in 
which are many fhells, and thefe walls were erect- 
ed 2500 years ago*. Moft marbles, porphyries, 
and other ftones employed in the buildings of 
the ancients, contain Ihells and other produdions 
of the ocean, in the fame manner as fome of our 
modern marbles. Hence we may conclude, th^t, 
independent of the teftimony of holy writ, the 
earth, before the deluge, was compofed of the 
fame materials as at prefent. 

Upon the whole, it is appt^ient, that petrified 
ihells are found in Europe, in Alia, in Africa, 
and in every place where proper refea^hes have 
been made. They are alfo found in America, 
in the Brafils, for example, in Tueumana, in 
Terra Magellanica, and in fuch vaft quantities in 
the Antilles, that what the inhabitants call lime, 
which lies immediately bid^w the foil, is nothing 
but a congeries of. mells, corals, madrepores, 
aftroites, and other fea-bodies. Thefe incon- 
;fJ^ible fafts would ha^yfled me to conclude, 
*that petrified fhells, androther productions of the 
■ * Seq Steno delblido iotra foliljum, p. 63. 
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oc^an, were to* be found through the whole 
continent of America, and efpecially in the 
mountains, as Woodward affirms. But M. de 
la Condamine, who lived feveral years in Peru, 
aflures ihe, that he was never able to difcover 
any of them in the Cordeliers, although he had 
diligently fearched for them. This phaeno- 
menon would indeed be lingular, and would lead 
to conclufions ftill more uncommon. But, I con-^ 
fefs, the teftimony of this celebrated obferver 
notwithftanding, I am ftrongly inclined to be-^ 
lieve that there is, ia the mountains of Peru, as 
well as every vsf^here elfe, petrified fliells and other 
fea-bodies, although they have not yet been dif- 
covered. In matters which depend on teftimony, 
the pofitive evidence of two witneftes is a coni- 
plete proof | but the evidence of ten thoufand 
witneftes, who only declare in the negative, that 
they never obfgjjjed a particular appearance, gives 
rife to nothing more than a flight doubt. Thus 
reafon^oined to the force of a general analogy, 
obliges me to perfift ia believing that foflil Ihells 
will ftill be found in the mountains of Peru, 
efpecially if they are fearched for in the fides, 
and not on the very fummits. 

The tops of hi£^ mountains are generally 
compofed of graniteTfilge-ftone, and other vitri- 
fiable materials, which '^ever contain ihells. 
Thefe matters we,^ all formed out of beds of 
fand, when they went, covered by the fea. But, 
when the waters left the mountains, they would 

04 carry 
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<arry otfthe fand, and other light bodies, into the 
plains, and leave nothing on their tops but thofe 
beds of rock which had been formed below the 
ftratum of fand. At two, three, 05 four hun- 
dred fathoms below the fummit of thele moun- 
tains, we often find marbles and other calcinable 
matters, difpofed in parallel beds, and contain-r 
ing fhells and other fea-bodies. Hence, if M, 
de la Condamine examined only the mofl ele- 
vated places, which confift of granite, of free- 
ftone, or of vitrifiable fand, it is not furprifing 
that fie did not find fofiil ihells. But he ought 
to have explored the lower parts of the Corde- 
liers, and he would unqueftionably have difeo- 
vered beds of marble, earth, &c. mij^ed with 
{hells ; for fuch beds have been found in every 
part of the world that has undergone a proper 
examination. 

But, fuppofing it to be a fa^flty that there are 
no produftions of the ocean in the mountains of 
Peru, nothing could be concluded from which 
could affedt our theory. Some -parts of the 
glofie, and particularly places of fuch elevation 
as the Cordeliers, might never have been cover- 
ed with the fea. Thefe .mountains, however, 
would be an ample field for^fyurious obfervation. 
They would not, in tha|f /i^ue, confift of parallel 
beds. Their materiafe*^would be very different 
^m all others : They would have no perpen- 
dicular fiffures: The ftrudjf^ of the ftones and 
rpeks would have no refemblance to thofe of 

other 
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other countries: "Lajily^ Thefe 'mountains would 
exhibit the ancient ftrudlure of the earth before 
it was changed by the motion of the waters ; 
they would difcover the primitive ftate of the 
globe, its original form, the natural arrangement 
and connexion of its parts. But this notion is 
fupported by too flender a foundation ; and it 
is more confonant to the rules of philofophy to 
believe that folHl ihells exift in the mountains 
of Peru, in the fame manner as they exift every 
where elfe. 

With regard to the pofition of ihells in beds 
of earth or of ftone, let us attend to the follow- 
ing paflage of Woodward ; * All the fhells that 
^ are found in numberlefs ftrata of earth, and 

* rocks, in the higheil mountains, and in the 
‘ moll profound quarries and mines, in flint» 
« cornelian, agate, &c. and in malfes of fulphur, 

* marcafites, a nd ot her mineral and metallic bo- 

* dies, are filled with the fame fubftances that 

* compf|/re the ftrata in which they are included, 

* and never with any heterogeneous matter 
p. 206. &CC.- — -* We now find in the fand- 

* ftone of all countries, (the fpecific gravity of 
‘ the feveral forts whereof is very little different, 

* being generally to^water, as 2f or to i) 
‘ only thofe cpnchsej'^edlines, cochless, and 

* other fhells that are najnly of the fame gra- 

* vity, viz. 2 1 or 24 to i. But there are ordi- 
‘ narily found enci^f<^ in it prodigious num- 

* bers ; whereas, of oyfter-fhells, (which are in 

* gravity 
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* gravity but as about 2^ to i)' of echini, (which 

* are but as 2 or 2| to i) or the other lighter 
‘ kinds of (hells, fcarce one ever appears therein, 
‘ On the contrary, in chalk (which is lighter 
‘ than ftone, being but as about 2 tV to 1) there 

* are only found echini, and the other lighter 

* forts of (hells j* p. 32, 33. 

It muft here be remarked, that what Wood- 
ward fays with refpeft to fpecific gravity, is not 
univerfally true ; for (hells of diffei'cnt fpecific 
gravities are often found in the fame matters ; 
&ells of cockles, of oyft^h, and of echini, for 
example, are found in the fame bed of ftones or 
of earth. In the cabinet of the French King, 
there is a cockle petrified in a cornelian, and 
echini petrified in an agate. Hence the difference 
in the fpecific gravity of fhells has had lefs in- 
fluence upon their pofition in the ftrata of the 
earth than Woodward would^^i^ive us to believe. 
The reafon why the fhells of the eoJiini, and 
others of a light texture, abound fo much in 
chalk, is owing to this circumftance, that chalk 
itfelf is only decompofed (hells j thofe of the 
echini being lighter and thinner than others, 
would be moft eafily reduced to powder or 
chalk; and hence beds ppctialk could exift only 
in thofe places whe^were formerly colleded 
^y the fea great qualities of light (hells, the de- 
ttrudlion of which would<rform that chalk ip 
which we ftill find (hells that have refitted the 

operation 
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opefation of timo, either in an entire ftate, or in 
fragments fufficient to difcover their fpecies. 

This fubje£l (hall be more fully treated of in 
the article concerning Minerals. I lhall here on- 
ly obferve, that Woodward’s expreffions are of- 
ten too general. He appears to aflert, that fhells 
are found as frequently, and in as great abun- 
dance, in ‘flints, cornelians, chalcedonii, ores, ahd 
fnlphur, as in other matters. But the fa£t is, that 
(iiells are a very rare phaenomenon in vitrlfiablc 
or purely inflammable fubftances; and, in chalk, 
marl, and marbles, *the quantity of them is fo 
prodigious, that it is impoffible to affirm that the 
lighter and heavier ffiells are uniformly found ii^ 
ftrata correfponding to their fpecific gravities, 
though, in general, this may be the cafe, oftener 
than otherwife. They are all impregnated vvith 
the bodies in which they are immerfed, whe- 
ther in the hWfWntal beds, or in the perpendi- 
cular figures ; becaufe the whole has been affect- 
ed by the operation of water, though at differ- 
ent times and in different manners. Thofe found 
iii the horizontal beds of ftone, marble, 8cc, 
have been tranfported and depolited by the 
waves of the fea ; and thofe found in flints, 
cornelians, and otb^ matters, peculiar to the 
perpendicular fiffurev ’^ijerc formed by rills of 
water impregnated wit* lapidific or metallic 
fubftances. In both cafes, the matter that fill? 
the iheils has been in the ftate of a fine impal- 

. pable 
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pable powder; becaufe every ♦pore of them is 
completely filled, and the moulds of them are as 
exa£t as the impreflions of a feal upon wax. 

It is, therefore, apparent, that, in (tone, mar- 
ble, &c. there are multitudes of (helfs fo entire, 
and fo well preferved, that they may be com- 
pared with thofe in our cabinets, or upon the 
Ihores of the fea. 

‘ There being, I fay, befides thefe, fuch vaft 

* multitudes of (hells contained in (tone, &c. 

* which are entire, fair, and abfolutely free from 
‘ any fuch mineral contagion ; which are to be 
‘ matched by others at this day found upon our 
‘ (hores, and which do not differ in any refpeft 
‘ from them ; being of the fame fize that thofe 

* are of, and the fame (hape precifely; of the 

* fame fubftance and texture, as conlKting of the 
‘ fame peculiar matter, and this conitituted and 
‘ difpofed in the fame raannei;^ig§,.is that of their 

* refpefitive fellow-kinds at Tea ; the tendency 
‘ of the fibres and ftrias the fame; theXpmpo- 

* fition of the lamellae, conftituted by thei'e 
‘ fibres, alike in both ; the (ame veftigia of ten- 

* dons (by means whereof the animal is faften- 

* ed and joined to the (hell) ; in each the fame 

* papillae; the fame futures,- and every thing 
‘ elfe, whether within ^'^ithout the (hell, in 
‘ ita Cavity, or upon convexity, in the fubv 
‘ (lance, or upon the furface of it. Befides, 
*' thefe foifil fiiells are attended with the ordi- 

‘ nary 
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* nary accidents of the tnarine ones, ex. gr. they 

* fometimes grow to one another, the leffer Hhells 
‘ being fixed to the larger: They have the bala- 

* ni, tubuli vermiculares, pearls, and the like, 
‘ ftill actually growing upon them. And, which 

* is very confiderable, they are moft exadtly of 
‘ the fame fpecifio gravity with their fellow-kinds 
‘ now upon the Ihojes. Nay farther, they an- 
‘ fwer all chymical trials in like manner as the 

* fea-lhells do ; their parts, when dilfolved, have 

* the fame appearance to view, the fame fmell 
‘ and tafte*.’ » 

I have often obferved, with aftonifhment, 
w’hole mountains, chains of rocks, and extenfivc 
quarries, fo full of fhells, and other fea-bodies, 
that there was hardly /pace left for the matters 
in which they are depofited. 

I have leen fome arable fields fo full of pe- 
trified cockIfs,^J|iat they might be picked up by 
a blind aian, others entirely covered with cornir 
ammorfs, and others with cardites; and the more 
this fubjedl is inquired into, we fiiall be the 
more thoroughly convinced, that the number of 
petrifadions is infinite, and that it W'as abfolute- 
ly impoflible that all the aniinals which inhabited 
thefe fhells could exift at the fame time. ^ 

I have farther remarked, that the ftones of 
thofe arable lands which \bound with petrified 
fliells in an entire form, well preferved, and de- 
tached from all other ftiatter, are frittered down 
♦ Woodward, p. 23, 24. 
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by froft, which deftroys ftones, but has little tf-* 
fe£k upon petrified Ihells. 

Thefe iramenfe quantities of petrified fea- 
bodies, found in lb many diflferent places and fi- 
tuations, prove, that they could not be tranfport- 
ed and depofited by the waters of the deluge } 
for the greateft part of them» inftead of being 
found in the bowels of the earth, and in folid 
marble at the depth of feven or eight hundred 
feet, muft have remained on the furface. 

In all quarries, petrified Ihells form part of 
the internal ftrudture of the ftone, the furface 
of which is often covered with llaladites, a 
matter much lefs ancient than the ftone that 
contains the Ihells. Another proof that thefe 
Ihells could not.be derived from the deluge is, 
that the bones, horns, claws, &c. of land-ani- 
mals, are feldom found in a petrified ftate, and 
are never incorporated in marWe^ or other hard 
ftones; whereas, if thefe effefts had ^en pro- 
duced by the deluge, the remains of \nd-ani- 
mals would have been found in marbles, as well 
as thofe of fifties. 

To alledge, that the earth was entirely dif- 
folved at the time of the deluge, is a mere gratui- 
tous fuppofition, wfiich requited a fecond miracle 
in order to give water ttt€' power of an univer- 

diffolvent. Befid^, it infers an evident con- 
tradiftion ; for, if water w^as then an univerfal 
menftruum, how could fhllls have been pre- 
ferved in the entire ftate in which we find them ? 

This 
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This is an evident demonftration, that no fuch 
diflblution took place, and that the parallel ftrata 
were not formed in an inllanr, but were gradual- 
ly produced by fucceffive fediments; for, it is 
apparent to every obferver, that the dilfKjfitioii 
of all the materials compofing the earth has beeA 
occafioned by the operation of water. The only 
queftion, therefore, that remains, is, Whether 
this arrangement of parts was produced all at 
once, or in a fucceffion of time ? Now, it has 
already been fliown, that it could not poflibly 
happen at one timaj becaufe the materials are 
not difpofed according to their fpecific gravities, 
and becaufe they never fullered a general diflb- 
lution. „Thi8 arrangement, therefore, muft have 
originated from fucceifive fediments. Any other 
caufe, or particular revolution, would have given 
rife to an arrangement totally different. Be- 
fides, partic q |ai^ revo lutions. or accidental caufes', 
could have produced a uniform^ difpofii 

tion of ioorizontal and parallel ftrata throughout 
the whole globe. , 

Let us attend to what the hiftorian of the 
Academy * has faid upon this fubjeft. 

* The many marks of extenfive inundations, 
‘ and the mannerun which mountains rxiuft be 
‘ conceived to have beeU produced, demonftrate, 
* that the furface of this ^rth has fuffered great 
‘ revolutions. However deep we penetrate in- 


♦ Annee 1718, p. 3. 
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* to the globe, w» difcover nothing but ruins, 

* bodies of different kinds ^amafled and incor^ 

* porated without any order or apparent defign. 
‘ If there be any regularity in the iftru^Iure. of 

* the earth, it lies too deep for our refearches ; 

* We rauft, therefore, confine purfelves to the 

* ruins of the external Orufl, which will be^fuf- 

* ficient to occupy the attention of philofophers. 

* M, df Jnffieu difcovered, in<the neighbour-* 
‘ hood of St. Chaumont, a great quantity of 
*' flaty dr laminated Hones, every lamina, of 

* which was marked witb- the impreffion of a 
‘ ftem, kaf, or other portion of fome plant. 

* The imprefllons of leaves were uniformly 

* extended, as if they had been ftretched in 
‘ tlie Hones by the hand j a clear detoonHratipn, 

* that they had been tranfported by’ water, 
‘ which always keeps leaves in that pofition: 

* their fituations were vari4L!&T'*'nd fometimes 

‘ they lay acrofs each other. ^ 

‘ It is natural to imagine, that a leaf \epofited 
‘ by water upon foft mud, and then covered 

* by a fimilar layer of mud, would iraprefs 
‘ upon the undermoH layer the figure of its one 
‘ fide, and upon the uppermoH the figure of its 
‘ oppofite fide j and, after tlrcfe layers hardened 

* and petrified, that tb^y 'would each bear an 
‘ impreffion of a di^rent fide of the leaf. But 
‘ this fuppofition, however natural, does not 
‘ take place: the two taminte of Hone uni- 

. ^ ‘ formly 
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* formerly bear the impreffiort of the fame fide 
of the leaf, the o^e in alto, the other in bafs* 

* relief. For this obfervation, with regard to 
‘ the figured Hones of St. Chaumont, we are in- 

* debted to M. de Juflieu j but we leave the ex- 

* plication of it to himfelf, and lhall proceed to 
V remarks of a more general and interefting na- 

* ture^ 

‘ All the impreffions on the ftones of. Saint 

* Chaumont are of foreign plants, which are 
‘ not to be found in any part of France ; they 

* are natives either of the Eaft Indies, or of the 
‘ warmer climates of America. Moft of them 
‘ belong to the capillary tribes, and they are ge- 
‘ nerally particular fpecies of ferns, the dole 

* texture of which enables them both to make 
‘ deep impreffions, and to remain lung in a Hate 
‘ of prefervation. M. Leibnitz was afionifhed 

* to find th>iii>>psi;^ons of the leaves of a few 

* Eaft Irmia plants upon fome ftones in Ger- 

* many^: In the example under confideration, 
‘ the wonder is greatly augmented j for, by 
‘ fome unaccountable deftination of nature, it 

* would appear, that, in all the ftones of Saint 
‘ Chaumont, not a fmgle impreflion of a native 

* plant is to be. found. , 

‘ From the number* of folfil (hells in the 

* mountains and quarries exhibited in this coqn- 
‘ try, as well as in many others, it is apparent, 
‘ that it muft have formerly been covered with 

VOL. I. p , * the 
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* the fea. But how could the American or In- 

* dian oceans come hither 

* To foire this and other furprifing ph3eno> 
‘ mena, we may fuppofe, with much probabi- 

* lity, that the fea originally covered the whole 

* globe. But this fuppofition will not anfwer ; 

* becaufe no terrellrial plants could then exiil : 

* The plants of one country, therefore, could 
‘ only be tranfported to another by great inun- 
*' dations. 

‘ M. de Juflieu imagines, that, as the bed of 

* the fea.is always rifing higher by means of the 

* mud and fand incelTantly carried into it by the 

* rivers, the fea, at firft confined by natural dikes, 
‘ might at laft furmount them, and fpread over 

* the land to great diftances j or, which would 

* produce the fame effeft, the dikes might in 

* time be rendered fo thin, by the conftant ope- 

* ration of the water, that*<h^' .’.•^nld at laft 

* give way. Soon after the formation of the 

* earth, w'hen nothing had alTumed a' regiJlar 

* or fettled form, fudden and prodigious revo- 

* lutiohs might then be produced, of which we 

* have now no examples, becaufe every thing 

* is in fuch a fixed and permanent ftatCj that 

* only flow and inconfi<Jerable changes can take 
‘ place : It is for this reafon that we find a dif- 
‘ ficulty in crediting revolutions piore fudden 

* and tremendbuSr 

By 

•12 . 
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* By feme of thefe great revolutions the Weft 
or £aft Indian Oceans might have been poured 
iff upon Europe : In their journey, they would 
tear up foreign plants, carry them off floating 
on the waves, and gently depofit them in 
{hallow places, from which the waters would 
foon evaporate*’ 
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OF THE 

THEORY OF THE EARTH. 


ARTICLE IX. 

Of the Inequalities upon the Earth's Surface. 

T hough the inequalities upon the furface 
of the earth may bef^COffauC:-:^ as a de- 
formity in its figure, they are abfoIutei5r necefla- 
ry to vegefation and animal life. To be convinced 
of this fadl, we need only confider what would 
be the condition of the earth, were its furface 
perfedly fmooth and regular. Inftead of thofe 
beautiful hills which furnilh abundance of wa- 

C 

ter for fupporting the verdure of the earth, in- 
ftead of thofe richly garnilhed fields, where 
and animals ^find an eafy and comforta- 
Mp fubfiftence, a dreary ocean would cover the 
%hple^ globe, and the earth, deprived of all its 

valuable 
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valuable and alluring qualities, would be an ob- 
.fcure abandoned planet, fuited only for the ha- 
bitation of fiflies. 

But, independent of moral confiderations, 
which feldom ought to be employed in natural' 
philofophy, the furface muft, from a ^yfical 
neceffity, have been irregular ; for, fuppofing it 
to have been origir^lly fmooth and level, the 
motion of the waters, fubterraneous fires, the 
winds, and other external caufes, would necefi- 
farily produce, in time, irregularities fimilar to 
thofe which we nowjbehold. 

Next to the elevation of mountains, the depths 
of the ocean form the greateft inequalities. This 
depth is exceedingly diverfified, even at great 
diftances from land. In fome places the fea is 
faid to be a league in depth ; but that is a rare 
phaenomenon; and the moft common depths 
are from 60 go^thoms. Gulfs and branches 
of the oo/Sn which run in upon the land, are 
ftill lefs deep ; and ftraits are generally the moft 
ftiallow places. 

Depths are commonly founded by a piece of 
lead, of 30 or 40 pounds weight, fixed to a fmall 
rope. This method anfwers well enough for or- 
dinary depths, but- it is liable to error when the 
depth is very great j for the cord being fpecifi- 
cally lighter than water, after much of it has 
been wound down, the we'ight of the lead and 
that of the cord become nearly equal to their 
bulks of water , then the lead deftends no more, 

p 3 but 
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but runs off in an oblique line, and floats at the 
laine depth. Hence, in founding great depths,- 
an iron chain, or fome body heavier than water, 
ihould be employed. It is for want of atten- 
tion to this circumftance, that fome navigators 
have l^en led to maintain, that the fea, in ma- 
ny places, has no bottom. 

In general, the depths ii!> open feas augment 
or diminiih in a pretty regular manner, being 
commonly deeper the farther from land. But 
to this remark there are many exceptions j for 
there are places in the middle of the fea, as at 
the Abrolhos in the Atlantic, where large fhelves 
appear j and there are, in other places, vaft 
fand-banks, well known to the mariners who 
fail to the Eaft Indies. 

Along coafts, the depths are likewife very ir- 
regular. However, it may be laid down as a 
certain rule, that the deptl^s ^always propor- 
tioned to the height of the coaft ; The^ame ob- 
iervation applies to rivers. 

It is eafy to meafure the height of mountains, 
either geometrically, or by the barometer. This 
inftrumcnt determines the height of a mountain 
pretty exadtly, efpecially in countries where its 
variation is not confiderable, as at Peru and 
ether equatorial climates. By one, or other of 
thrfe methods, the height of moft mountains has 
already been afeertained ; for example, it has 
been found, that the higheft mountains of Swit- 
zerland, exceed Canigau, the ipoft elevated of 

. the: 



the EARTH'S SURFACE, aji 

the Pyrwanees, 1600 fathoms*. Tbefe moun- 
. tains appear to be the higheft in Europe, fince 
they give rife to a great number of rivers which’ 
run into different and very diftant feas, as the 
Po, which empties itfelf in the Adriatic, the 
Rhine, which lofes itfelf in the hinds tof Hol- 
land, the Rhone, which falls into the Mediter- 
ranean, and the IDfanube, which runs into the 
lilack Sea. Thefe four rivers, the mouths of 
which are fo diftant, derive part of their waters 
from St. Godard and the neighbouring moun- 
tains ; a clear proof that this place is the moft 
elevated part of Europe. 

Mount Taurus, Imaus, Gaucafus, |ind the 
mountains of Japan, are higher than any in Eu- 
rope. The mountains of Africa, as the great 
Atlas, and the mountains of the Moon, are at 
leaft equally high with thofe of Afia j and the 
higheft of^„3JJ^ arigj^hofe of South America, and 
cfpeciall(^f Peru, which are 3000 fathoms above 
the level of the fea. In general, the tropical 
mountains are more elevated than thole of the 
temperate zones, and thofe of the latter are high- 
er than thofe nearer the poles. Thus, the nearer 
the equator, the greater are the fuperhcial ine- 
qualities, which, thou^ confiderable with regard 
to us, are nothing when eftimated in relation to 
the whole globe. A difference of 3000 fathoms 
in 3000 leases diameter, is but a fathom to a 
league, or a foot to a loo feet, and, upon a globe 

• de l*Acad. J708, p. 24. 
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o£ 24 - would not make the 1 6 th part of a 
French line. Heace this earth, which to us ap-- 
‘ pears to be traverfed and interfered by moun- 
tains of an enormous height, and by feas of a 
dreadful , depth, is, in relation to its fize, but 
ilightly furrowed with inequalities fo inconfi- 
deitable, that they cannot make any variation 
upon its general figure. 

In continents, the mountains form continued 
chains ; but, in iflands, they are more interrupt- 
ed, generally rife in the form of a cone, or py- 
ramid, and are diftinguifhed by the name of 
peaks. The Peak of Teneriffe, iti the Illand of 
Fer, is one of the higheft mountains in the earth ; 
it is nearly a league and a half perpendicular 
above the level of the fea. The Peak of St. 
George in one of the Azores; and the Peak of 
Adam, in the Ifland of Ceylon, are likewife ex- 
ceedingly high. Thefe peajjs atf^^aompofed of 
rocks, piled above each other ; and £^of them 
throw out, from their fummits, fire, alhes, bitu- 
men, minerals, and flones. Some iflands, as St. 
Helena, Afcenfion Ifle, and moft of the Canaries 
and Azores, are only the tops or points of moun- 
tains. It is alfo worthy of remark, that the 
middle of mofi iflands, promontories, and capes, 
is the moft elevated, and that they are generally 
^|Mkd into two parts, by chains pf mountains 
apiich run in the direction ' of their greateft 
^ngth : In Scotland, for example, the Grampian 
mountains (Grans-bain) extend from eaft to 
weft, anc^ divide the iiland of Great Britain into 

’ two ’ 
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two parts : The fame thing takes place in Su- 
«tnatra, the Lucca Iflands, Borneo, Celebes, Cuba, 
St. Domingo, the peninfulas of Corea and Ma- 
laya, &c. Italy is alfo longitudinally traverfed 
by the Apennines. 

Mountains, as mentioned above, are of differ- 
ent heights j the hills are loweft ; then follow 
the mountains of an ordinary height, which 
are fucceeded by a third range ftill higher. All 
thefe are commonly covered with trees and 
plants ; but neither of them furnifli fprings ex- 
cept at their bottoms.. In the laft and higheft 
range, we find nothing but fand, loofe ftones, 
flints, and rocks, the tops of which often reach 
above the clouds. Precifely at the foot of thefe 
rocks, are little plains, or hollows, which colledl 
rains and fnow, and form thofe ponds, morafles, 
or fountains, from which the rivers derive theif 
Sources ^ _ 

The fij^re of mountains is likewife very dif- 
ferent. Some confift of long chains of nearly 
an equal height ; others are interfedied by deep 
valleys ; the contours of fome mountains are 
pretty uniform ; thofe of others are moft irre- 
gular, and fometimes a detached little mountain 
appears in the middle of a plain or valley. There 
are alfo two kinds of plains ; fome occupy the 
low grounds, and others appear in the moun- 
tains. The former are generally divided by 
fome large river ; but the latter, though their 

* See Lettres Pbiiofophiqaes fur la Formation dee Sels, Sec. 

extent 
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€3ctent be cohfiderable, are dry, or furnifhed with 
a fmall rill only. The plains in the mountains 
are often exceedingly high, always of difficult 
accefs, and form one country above another, as 
in Auvergne, Savoy, and other elevated pro- 
vinces. The foil of them is firm, and produces 
plenty of herbs and odoriferous plants, which 
make them the fineft pafture-grounds in the 
world. 

The tops of high mountains are compofed of 
rocks of different elevations, which, when view- 
ed at a diftance, make them refeinble the waves 
of the fea *. This is not the only reafon for 
our affirming that mountains were formed by 
the motions of the fea ; I only mention it, be- 
caufe it correfponds with every other phaeno- 
menon. But the following fads put this point 
beyond all controverfy: The foffil fhells, and 
other fea-bodies, every wiere<£s!md in fuch 
profufion, that they could not poffiblyVbe tranf- 
ported from the fea, in its prefent ftate, into 
continents fo diftant, and depofited at fuch great 
depths in the bowels of the mountains: The. 
univerfal paralleUfm of the different ftrata, an 
efied which could only be produced by water, 
and the coQ^pofition even of the moft denfe of 
them, twlHiofe of ftone andmarble, which clear- 
ly evinces, that, before their formation, they had 
been reduced into a fine powder, and preej}^- 
tated to the bottom in tfie form q£ fediments : 

* See tbid. p. 196. 

Tb€*‘ 



the EARTH?% surface. 2jf 

The exa&nefs with which the foffil fhells are 
.moulded in the matters in which they arc found : 
The cavities of foffil ffiells, which are uniform- 
ly filled with the fame , fubftarices that contain 
them ; The correfponding angles of hills and 
mountains, which nothing could efiedt but the 
currents of the ocean : The equality in the 
heights of oppofite hills, and the different firata 
uniformly appearing at the fame levels : And, 
laftly, the diredion of mountains, the chains of 
which extend longitudinally, like the waves of 
the fea. , 

With . regard to the depths or hollows on the 
furface of the earth, thofe of the ocean are un- 
quellionably the greateft. But, as tJiefe are hid 
from human view, and can only be difcovered 
by founding, we Ihall confine ourfelves to thole 
which appear on the dry. land, fuch as deep val- 
leys, precipi^S found between rocks, abyffes 
that prefilfit themfelves in high mountains, as the 
abyfs of Mount Ararat, the precipices of the 
Alps, the valleys of the Pyrennqes, &c. Thefe 
depths are a natural confequence of the elevation 
of mountains ; they receive the water and earth 
carried down from the high grounds; their 
foil is generally fertile; and they are full of, in- 
habitants* The precipices among rocks are of- 
ten occafioned by a fudden finking of one fide, 
the bafe, which generally inclines more one way 
than another, being* loofened by the adion 
of the air, an(J of froft, or by the violence of 

torrents. 
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torrents. But abyfles, or thofe enormous pre- 
cipices that appear on the tops of fome moun-* 
tains, and, to the bottom of which, though their 
circu Inference be a mile and a half, or three 
miles round, it is impoffible to defcend, have 
been formed by the operation of fire. They 
have been the furnaces of ancient volcano’s; the 
matter of which has been exhaufted by explo- 
fions, and the long adion of fires that are now 
extinguifhed by the defed of combuftible mat- 
ter. Of this kind is ’the abyfs of Mount Ara- 
rat, defcribed by Tournefost. It is furrounded 
with rocks which are black and burnt. The 
abyfles of f-tna and of Vefuvius will have the 
lame appearance after their inflammable mate- 
rials arc exhaufted. 

In Plot’s hiftory of the county of Stafford in 
England, there is an account of a kind of gulf, 
which was founded by a rope^f afioij/eet, with- 
out finding either water or bottom^xhe rope 
being too fhort 

The greateft cayities, and the deepeft mines, 
are generally in the mountains, and feldom de- 
Iceiid to the level of the plains. By them we 
difcover the internal fttudure of the mountain 
only, not that of the globe kfelf. 

Bcfides, thefe depths are not very confiderable. 
Mr. Ray affirms, that, the deepeft mines exceed 
hot half a mile. The mine of potteberg, which, 
in the time of Agricola, viins efteetned to be the 

See ]o\iraal des Savai)9> l68ov p. i 2 * 
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deepeft in the world, wa§ only feet of 

‘perpendicular depth. There are, indeed, holes 
in particular places, as that naentioned by Plot, 
or Pool’s hole in the county of Derby, the*epth 
of which is probably very great : But none of 
them bear any fenfible proportion to the thick- 
nefs of the globe. 

If the kings of Egypt, in place of erecting 
pyramids as monuments of their sranity and 
riches, had expended equal fums in making pro- 
found excavations into the bowels of the earth, 
to the depth of perhapi a league, they might 
have difcovered fubftances which would have 
recompenfed their labour ; they would at leaft 
have extended the knowledge of the earth’s in- 
ternal ftrudlure, which might, have been pro- 
ductive of much utility. 

But, let us return to the mountains. The 
higheft of, lia between the tropics j and 

the nearer we approach to the equator, the 
greater are the inequalities on tht earth’s fur- 
face. A fhort enumeration of mountains and 
iflands will be fufficient to eftablifh this point. 

In America, the Cordeliers, which are the 
higheft mountains in the world, lie precifely 
under the equator,* and they extend on both lide^ 
a conliderable way beyond the Tropic circles. 

The higheft mountains of the Moon, of Mo- 
nomotapa, and the great and little Atlas, in 
Africa, He either UE^er or very near the equa- 
tor. 


In 



In Afia, Mount Caocafus, the chain of which, 
under different names, runs into China, and 
through this whole extent, lies nearer the equa- 
tor tilan the poles. 

In Europe, the Pyrennees, the Alps, and the 
mountains of Greece, which form one chain, 
are ftill lefs dillant from the equator than the 
pole. * 

A Thefe chains of mountains, of which we 
have given an enumeration, are higher, and of 
greater extent, both in length and in breadth, 
than thofe of more northern countries. With 
regard to their dlredtion, the Alps form a con- 
tinued chain which runs acrofs the whole Con- 
tinent from Spain to China. They commence 
on the fea-coaft^of Galicia, join the Pyrennees, 
traverfe Franccj by Vivares and Auvwgne, run 
through Italy, and ftretch into Germany, above 
Dalmatia, until they reacW Maaedimia ; from 
thence they join the mountains or*Armenia, 
the Caucafus, the T^uruSj the Imaus, and at 
laft terminate on the coaft of Tartary. Mount 
Atlas, in the fame tnanner, traverfes the whole 
Continent of Africa, from the kingdom of Fez 
to the ftraits of the Red Sea. The mountains 
the Moon have likewife the fame diredlion. 
But the mountains tff America have an oppo- 
lite diredlion. The vaft chains of Cordeliers, 
am other mountains, run more £rom foudi to 
north than from eaft to vieft. " 

Wh« 
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What we have now remarked concerning the 
greateft elevations of the land, applies equally to 
the greateft depths of the fea. The moft exten- 
five and deepeft feas lie nearer the equatof than 
the poles. From thefe united obfervationsj the 
truth of our general pofition, that the greateft 
inequalities of the globe are to be found in the 
equatorial regions, is fufficiently eftabliflied. 
Thefe irregularities on the furface of the earth 
give rife to a number of curious phaenomena. 
Between the Indus and the Ganges, for example, 
there is a large peninfula, through the middle 
of which runs a chain of high mountains, called 
the Gate^ which extends from north to foutb, 
from the extremity of Mount Caucafus to Cape 
Comorin. One fide of this peninfula forms the 
coaft of Malabar, the other that of Coromandel; 
On the Malabar fide, between the chain of 
mountains anj^, thej^a, the feafon of fummer is 
from September to April; and, during thefe 
months, the iky is ferene, and no rain falls. 
But on the Coromandel coaft, which lies on the 
other fide of the mountainsj this very period is 
their winter, and; the rains fall in torrents. 
This reverfe of fummer and winter happens, in 
fome places, no farther iJiftant than 20 leagues \ 
fo that, by crofting the mountains, a man has it 
in his power to change feafons. The fame thing, 
it is faid, takes place at Cape Razalgate in Arabia, 
and even in Jamaica, |^hich is divided from eaft 
to weft by ^ chain of mountains. On the Ibuth 
’ * fide* 
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fide of thefe mountains, tlie plantations enjoy 
the warmth of fummer, while thofe on the north 
filffer all the rigours of winter. Peru, which is 
fituated under the line, and extends about looo 
leagues toward the fouth, is divided into three 
long and narrow portions, called by the inha- 
bitants Lahos^ Sierras f The Larios, 

which are the plains, extend along the coaft of 
the South fea ; the Sierras are hills interfperfed 
with valleys ; and the Andes are the famous Cor- 
deliers, the higheft mountains of the world* The 
Lanos are about lo leagues broad ; the Sierras, 
in many places, 20 leagues j and the Andes 
nearly the fame, though forae parts of them are 
more, and others lefs broad. The breadth of 
thefe divifions is from eaft to weft, and their 
length from fouth to north. This part of the 
world exhibits the following remarkable ap- 
pearances: I ft. Along the^whola coaft of the 
Lanos, a fouth-weft tvind almoft \onftantly 
blows, which is contrary to the ordinary direc- 
tion of the wind in the Torrid Zone- 2d, In 
the Lanos, it never rains or thunders, though 
there are plenty of dews. 3d, It rains almoft 
continually at the Andes. 4th, In the Sierras, 
which lie between the Lanos and the Andes, it 
rains from September to Ai^fil. 

It was long thought that all high mountains 
run from weft to eaft, till the contrary direflion 
was difeovered in America. But M. Bourget 
/ wat the firft who remarked the furprifing rd- 
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witli oppofite mountcilns, when the declivity of 
one of the mountains is lefs rapid than that of 
the other, the cotirfe of the rivers is not in the 
middle, but nearer to the fteepeft mountain*. 

Thefe general obfervations might be confirm- 
ed by a multitude of {n&s. The mountains of 
Switzerland, for example, are fteeper on the 
fouth fide than on the north, and on the wefi 
fide than on the eaft. This appearance is ob- 
vious in Mount Gemmi, Mount Brifa, , and in 
almofl: all the other mountains in this country, 
the higheft of which are «.thofe which feparate 
Vallefia, and the Qrifons of Savoy, from Pied- 
mont and Tirol. Thefe countries are^* indeed, 
a continuation only of the fame mountains, the 
chain of which extends to the Mediterranean j 
and the Pyrennees are a continuation only of 
that vaft mountain, which commences in Upper 
Vallefia, whofe branches fijetch far to the weft 
and fouth, and preferve^^^, throughout that whole 
extent, a great height ; but, on the . north and 
eaft fides, they gradually fink into plains, as ap- 
pears in thofe extenfive countries which are tra- 
verfed by the Rhine and Danube before they 
finifh their courfe, while the Rhone defcends with 


rapidity to the fouth, and^empties itfelf in the 
Medi|erxanean.. The famb obfervation is ex- 
iled in the mountains^ of England and of 
rway. But the moft perfed example is af- 


: * Si;e Lettres Pb&ro^hiqoet ftr la Pm-matSba de# $els, p. 
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forded by the mountains of Chili and Peru. 
The Cordeliers are exceedingly lleep on the weft 
fide; but they have a gradual declivity to the 
eaft, and terminate in vaft plains, which are 
watered by the greateft rivers in the world 

M. Bourguet, to whom we are indebted for 
the difcovery of the correfpondence betwefen 
the angles of mountains, calls this difcovery tbe 
Key to the Theory of the Earth. However, he 
appears not to have perceived its whole import- 
ance; for, in his treatife on this fubje£t, he 
gives the fkeleton only of an hypothetical fyftem, 
in which moft of his conclufions are either falfc 
or uncertain. The theory that we have deliver- 
ed refts upon four principal fads, the truth of 
which, after exathihing the proofs that fupj)ort 
them, cannot admit of a doubt: the firjl is. 
That the earth, to very confiderable depths, is 
every where compofed of parallel ftrata of dif- 
ferent matters, which wete formerly in a fluid 
or foft ftate: the fecond^ That the fea has, for 
many ages, covered the whole earth which we 
now inhabit: thirds That the tides and 

other motions of the waters, produce inequali- 
ties in the bottom of the fea : and the fourth^ 
That the figure, and cottefponding diredipn of 
mountains, have originated from currents in the 
ocean. / : ^ ■ '^’1, . ’ . ; 

After perufing the proofs contained in the 
fubfequent, artitles, the’ reader will he^abled to 

Sw^UiTranf. Abridge. p.1^8. 
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defermine whether I am right in maintaining, 
that thefe fa£i:s, wh6n hrmly eftablifhed, will 
lifecwife afceriain the general theory of * the 
earth. What has been remarked ccmcerning the 
formation of mountains ne^ds no farther expli- 
cation. But, as it may be objected, that I have 
not accounted for the formation of peaks, or 
pointed mountains, nor for fome other particu- 
lar fads, I lhall add fuch obfervations as. have 
occurred upon this fubjed. 

F have endeavoured to form a diilind and 
general idea of the mannef in which the mate- 
rials compofmg this earth are arranged, and 
have reduced the whole to two clafles. The 
JirJi includes all the matters which are difpofed 
in horizontal or regularly inclined beds or ftra- 
ta ; and the fecond comprehends all thofe mat- 
ters which appear in detached malles, in ridge?, 
or in veins, either perpendftular, or irregularly 
inclined. In the JirJl clafs I rank fands, clays, 
granites, flints, and free-flones in large maflTes, 
pit-coal, flates, and likewife marls, chalk, cal- 
cinable ftones, marbles, &c. In ,;the_/&coW, I in- 
clude metals, minerals, cryftals, precious ftones, 
and flints in fmall mafl^. Under thefe two 
clafles, all the . known materials of the earth are 
comprehended. Thofe of the fitft clafs o\ye 
their origin to fediments tranfported and dcpo- 
ihed by the waters of the fea, and ought to be 
diftinguifhed intp,ft|ch as are calcinable by the 
j^licattoQ and fuch as mehy and are 

. convertible 
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convertible into glafs. The matters compre- 
hended undi^ the fecoiid clafs are all vitrihable, 
with the exception of thofe called inflammable, 
or which totally confutne in the fire. 

There are, in the firft clafs, two diftin^ fpe- 
cies of iimd; the one, which abounds more 
than any other matter in the globe, is vitrifiable, 
or rather confifts of fragments of real glafs: 
The other, which is lefs in quantity, is calci- 
nable, and ought to be regarded as the dull: of 
ftone, and as differing freJm gravel only by the ' 
groflhefs of its grains; In general, vitrifiable 
fand lies in beds; but they are frequently inter- 
rupted by mafles of free-ftone, of granite, and 
of flint ; and fometimes thefe fubftances appear 
in banks of a confiderable extent. 

Sea-fhells are feldom found in this fand, or in 
vitrifiable bodies ; and even thofe which appear 
in them are not difpofed in beds, but fcattered, 
as it were, by chance: I never, for example, 
found any in free-ftone. This ftone, which 
abounds in certain places, is nothing hut fand 
united by a <:ement. It never appears but in 
countries where vitrifiable fand is frequent ; and 
the quarries of it are generally in pointed- hills, 
fandy lands, or interrupted eminences; Th^fc 
quarries may be wrought on all fides ; and, 
when they appear in large-beds,- they are more 
diftant Trom each other than thofe of marble or 
calcinable ftones. Bloclra of free-ftone may be 
cut of all dioaenfions j and, though it be difli- 



246 INfiQUALITIES UPON 

cult to work, its Kardnefs is inconndcrable ; for 
it is eafily reduced to fand by fii^ion, except 
the black points or nails fometimes found in it, 
wliich are fo hard as to rellft the beft files. Com- 
mon rock-ftone, which I confider as a fpecies 
of granite, is vitrifiable, and of a fimilar nature 
with free-Hone; it is only harder, and more firm- 
ly cemented. It has likewife feveral denfe points, 
which Cut the flioes of travellers on mountainous 
grounds. It alfo contains a great number of 
talky fpangles; and the whole is fo hard as not 
to be worked without great labour. 

After narrowjy examining thefe hard points 
found in free-ftone and granite, I difcovered that 
they confift of metallic matter, which has been 
melted and calcined by a ftrong fire, and that 
they have a perfect 'refemblance to certain fub- 
ftances thrown out of volcano’s, of which I have 
feen vaft quantities in Italy. They are called by 
the inhabitants Scbtarri. They are black heavy 
mafles, upon which neither fire, water, nor the 
file, can make any impreflion. This metallic mat- 
ter is different from lava, the latter being a fpe- 
cies of glafs ; but the former feems to partake 
more of metal than of glafs. The points in free- 
ftone and granite have a great refemblance to 
this matter, which is a farther proof that thofe 
fubftances'have formerly been liquified by fire. 
f‘\ On the tops of fome high mountains, blocks 
of granite appear in great quantities. , The po- 
fitibns of thefe blocks are fo irregular, that they 
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fcciwto have been thrown together by accident; 
and we Ihoyld be apt to imagine that they had 
tumbled down from fome neighbouring height, 
if the places where tliey are found were not 
higher than any neighbouring ground. But their 
vitrifiable nature, and their angular' and fquare 
ligures, like thofe of free-ftone rocks, difcbver 
thefe fubftances to have an uncommon origin. 
Thus, in large ftrata of vitrifiable fand, we find 
blocks of free-ftone and granite, the figure and 
lituation of which follow not exactly the hori- 
zontal pofition of ftrata. The rains have gra- 
dually brought down from the hills and moun- 
tains the fand with which thefe blocks were ori- 
ginally covered, by furrowing and cutting into 
thofe intervals that appear between the yolks or 
nuclei in free-ftone, in the fame manner as the 
hills of Fontainbleau are interfedted. Every 
point of a hill refetpbles a nucleus iii free-ftone 
quarries, and all the intervals have been fcooped 
out by the rains, and the fand they originally 
contained has been carried down to the valleys. 
In the lame manner, the angular blocks of gra- 
nite on the <ops of high mountains were for- 
merly covered and furrounded with vitrifiable 
fand, which, being gradually carried off by the 
rains, left the blocks in the pofition in which 
they happened to be formed. Th^fe blocks are 
generally pointed, at thb top, and augment in 
thicknefs towards their bafes j one block often 
refts lipon another, that upon a third, and fo on, 

0^4 learing 
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leaving irregular intervals between thein4 and 
as, in the courfe of time, the fand which cover- 
ed the blocks, and filled the intervals, was walk- 
ed down by the rgins, there would nothing re- 
main on the tops of high mountains but pointed 
piles of irregular blocks ; and hence the origin 
of peaks, or mountains ending in fharp points. 

For, let it be fuppofed, as may eafily be prov- 
ed by the fea-bodies found in the Alps, that 
" this chain of mquntains was formerly covered 
by the ocean, and thaf a thick bed of vitrifiable 
fand was depofited upon their tops, which re- 
duced the whole chain to a level country. This 
bed of fand would oecelfarily give rife to large 
blocks of granite, of free-ftone, of flint, and of 
other bodies, the confiftence and figure of which 
originate from fand, nearly in the fame itianner 
as falts cryftallize. Thefe blocks, after the fand ‘ 
which covered them, and fiKed their interftices, ’ 
was carried down to the plains, by rains, torrents, 
&c. would maintain their original flations, re- 
main bare on the tops of the mountains, and 
conllitute all thofe peaks or pointed eminences 
fo frequently exhibited by Nature. To the fame 
origin muft be afcribed thofe high detached rocks 
which are found in China and other countries, 
as in Ireland, where they are difti'nguiflied by 
thlfi^me of Devil's and the formation of • 

J^ich, as well as of peaked mountains, has hi- 
therto appeared fo difficult to: explain. The 
explication^ howeyef^ whicfi J have given, isfo 
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natural, that it gettierallf occurs to every perfon, 
who exatiunes thefe’objedis ; atid, on this ocCa- 
fion, I will let down a paffage from father Tartre. 

* From Yarichuin-yen we arrived at Hot- 

* cheou. Upon the road we remarked a fin- 
‘ gulaf phaenomenon, namely,, rocks of a fur- 

* prifing height, refembling fquare towers, in the 

* midft of vaft plains. - I cannot account for this 
‘ appearance, unlefs I be allowed to fuppofe thefe 
‘ rocks to have formerly conllituted a part of 

* mountains, and that the earth, fand, and other 

* loofe parts, had b<?en gradually walhed away 

‘ by the rains, and left rocks bare on all lides. . 

* What fortifies this conjecture k, that we faw 

* fome of them, the bafes of which -were ftill 

* furrounded with earth to a confiderable 
‘■height*’ 

The tops of the higheft mountains, often for 
200 or 300 fathomsf confift of rocks of granite, 
free-ftone, and other hard and vitrifiable fub- 
ftances : Below thefe, we frequently meet with 
quarries of marble, or hard calcinable ftoncj full 
of foffil Ihells; as may be feen at the great 
Chartreufe in Dauphiny, and upon Mount Cenis, 
where the ftones and marbles which contain Ihells 
are fituated fome hundreds of fathoms below the 
points or . peaks of high mountains, though thefe 
beds of ftone and marble be more than 1000 
fathoms above the level of the fea. Thus thofc 
ipountains which have* peaks or points generally 
f See Lettrei Edifisntes, tone!, p. 135. * 

confifi; 
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confift of vitrifiable rocks } and thofe, the fum- 
inits of which are flat, contain, for the moft part, 
marbles, and hard ftones full of fea-bodies. The 
fame remark holds with regard to hills; for 
thofe compofed of granite or free-ftonc are ge- 
nerally interfered with points, eminences, ca« 
vities, and fmall valleys. But , thofe compofed 
of calcinable ftone are nearly of an equal height, 
and are only interrupted by larger and more re- 
gular valleys, with correfponding angles; and 
they are crowned with rocks, uniform and level 
in their pofition. »> 

Though thefe two fpecies of mountains feem 
to be very different, their figures have been pro- 
duced by the fame caufe, as has already been 
ihown; But, it may be remarked, that the cal- 
cinable ftones have fuffered no change fince the 
original formation of the horizontal ftrata. The 
vitrifiable fands, howeve*, may have been 
changed and interrupted by the fubfeejuent pro- 
dudlion of rocks and angular blocks which take 
place in fand-beds. Both fpecies have filTures. 
Thofe in calcinable rocks are almoft always per- 
^ pendicular ; but thofe of granite and free-ftone 
are fomewhat more irregular in their diredion. 
It is in thefe filTures that metals, minerals, cry- 
ftals, fulphur, and all the fubftances of our fecond 
‘ clafs, arc found. Bejow the fiflures, the waters 
^afletnhie, penetrate the earth, and give rife to the 
veins of water which evely where appear under 
the furface. 
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ARTICLE, X. 

Of Rivers, 

I HAVE already remarked, that,, in general, 
the greateft mojintains occupy the middle of 
continents ; that thofe of a fmaller kind divide 
iflands, peninfulas, and promontories j that, in 
the Old Continent, the direction of the greateft 
chains of mountains is from i weft to eaftj and 
that thofe which fun to the north or fouth are 
only branches of the principal chains. It will 
appear on examination, that the greateft rivers 
have the fame diredion, and few of them follow 

the courfe of .the branches of mountains. To 

• 

be convinced of this fad, we have only to’, fun 
our eye over a common globe ; and, beginning 
with Spain, w'e fhall find that the Vigo, the 

Douro, 



Dotiro, the Tagus, and the Guadiana, run from 
eaft fo weft, and the Ebro from weft <0 eaft ; 
and that there is not a river of any confidera- 
tjoii which runs from fouth to north, or from 
north to fouth, although Spain be almoft entire* 
ly environed by the fea on the northern and 
fouthern parts. This remark concerning the 
rivers of Spain demonftrates, that the diredion 
of the mountains is from weft to eaft ; that the 
fouthern provinces near the Straits are more ele- 
vated thaU the coaft of ‘ Portugal ; that, in the 
northern parts, the mountains of Galicia, the 
Afturias, &c. are a continuation only of the 
Pyrennees; and ‘that this elevation of the coun- 
try, both in the fouth and north, is the caufe 
which prevents the rivers from running to the 
fea in thefe dire£tions. , 

In examining the map of Trance, it is appa- 
rent tiiat the Rhone is th». only river which 
runs from north to fouth ; and, even near one 
hlff of its courfe, from the mountains to Lyons, 
is from eaft to weft : But the direftiofl of all the 
great rivers, as the* Loire, the Charente, the Ga- 
ronne, and even the Seine, is from eaft to weft, 
i The fame obfervation holds with regard' to 
Germany. The Rhine, like the Rhone, has the 
greatest part of its courie from fouth to north : 

other large rivers, as the Danube, the 
^^ave, and all the rivers which fall into them, 
riin from weft to eaftj and* empty themlelves in 
the Black* Sea, 

The 
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The Blade Sea, which fliould rather be re- 
garded as a large lake, is, from eaft to weft, near- 
ly three times as long as from fouth to north ; 
and confequently its direction is fimilar to that 
of the rivers. The fame remark is appftcablc 
to the Mediterranean, which is nearly fix times 
longer from eaft to weft than from north to 
fouth. 

The Cafpian, it muft be acknowledged, ac- 
cording to the chart made by order of the Czar 
Peter I. extends more frOm north to fdlith, than 
from eaft to weft. ’But the ancient charts re- 
prefented it as nearly round, or rather as ex- 
tending more from eaft to weft than in the 
oppofite dirediion. If, however, the lake Aral 
be confidered as a part of the Cafpian, from 
which it is feparated by a fandy plain only, the 
greateft extent of this fea will ftill be from, 
weft to eaft. » ■ 

The courfe of the Euphrates, of the Perfic 
gulf, and of almoft all the rivers of China/ is 
likewife from weft to eaft. The rivers of ,the 
interior parts of Africa obferve the fame direc- 
tion, running either from vv^eft to eaft, or from 
eaft to weft. The Nile, and the rivers of Bar- 
bary, are the only ones which run from fouth 
to north. There are, it is true, large rivers in 
Afia, as the Don, the Wolga, &c. which partly 
run from north to fouth : But they only ob- 
ferve this direction iii order to fall into the Black 

and 
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and Cafpian feas, which are Jakes in the inte- 
rior parts of the country. 

We may, therefore, lay it down aS a fadt, 
that, in general, the rivers and mediterranean 
waters of Europe, Afia, and Africa, run or 
ftretch more from eaft to weft than from north 
to fouth. This is a natural confequence of the 
parallel diredtion of the different chains of 
mountains. Befides, the whole continent of 
Europe and of Afia is broader from eaft to weft 
than i^om north to fouth: For the diredion of 
mountains may be confidered in two points of 
view, In a long and narrow continent, like that 
of South, America, which contains only one 
principal chain of mountains, extending from 
fouth to north, the rivers, not being reftrained 
by any parallel chain, muft run in channels per- 
pendicular to the range of thefe mountains, that 
is, either from eaft to weft, or from weft to 
eaft ; and this, in fad, is the diredion of all the 
gfeat.rivers in America. .But though, both in 
the Old and New Continent, the great rivers 
runin the Jame diredion, this effed is produ- 
ced by different caufes. The rivers, in the Old 
Cqntinent, run from eaft to weft, becaufe they 
are confined by many parallel chains of mounr 
tains which ftretch from weft to eaft; bilt thofe 
of obferve die fame diredion, becaufe 

there is only one chain of mountains ftretchiog 
from fouth to norths 


The 
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The rivers generally occupy the middle df 
the valleys, or the loweft ground between two 
oppofite hills ; If the two hills have nearly an 
equal declivity, the river runs nearly in the mid- 
dle between them, whether the intermediate 
valley be broad or narrow. If, on the contrary^ 
the declivity of one of the hills be greater 
than that of the other, the river will not occupy 
the middle of the valley, but will approach to 
the fteepeft hill, in proportion to the fuperiority 
of its declivity. In this cafe, the middle pf the 
valley is not the lowoft ground between the two 
hills, but lies much nearfer the fteepeft of them ; 
and confequently the river muft occupy that 
fpace. This obfervation holds univerfally where- 
ever the difference in declivity is remarkable; 
and the rivers never recede from the fteepeft: 
hills, unlefs, in their courfe, they meet with 
other hills of equal* declivity. In procefs of 
time, however, the declivity of the fteepeft hill 
is diminiftied by the rains, the melting of fno#, 
* &c. The fteeper any hill is, it lofes greater 
quantities of earth, fand, and gravel, by the 
operation of rains, and thefe fubftances are car- 
ried down into the plain with a proportionably 
greater rapidity, and, of courfe^ force the ri- 
ver to change its channel, or, in other words, 
to retire into a lower part of the valley. .It 
may be added,' that, as all rivers occafionally 
fwell, and ove.rflow their banks, they carry off 
.mud and fand, which they depoftt in different 

. . parts 



jparts of tlie valley j and, as land and gravel are 
often aecumulated in the channels themfelves, 
thefe circumftances make the waters Overflow, 
2Hid alter the dire^ion of their courfe. Nothing, 
accordingly, is mcire common, than to And in 
valleys many old channels in which the river has 
formerly run, efpecMly when it is raf^id, fut)- 
je^fl to frequent inundations, and carries down 
great quantities of land and mpd* 

In plains, and extenfive valleys, watered by 
large rivers, the channels of the rivers are com- 
monly the loweft.pi^ts|i Rat the furface of the 
waiter in the river is fomedmes higher than the 
adjacent grouhdiv When V a river, for inftance, 
begins to overflow, it loon covers a confideraWe 
part of the plain j but the banks remain longeft 
uncovered by the^wati^. This circumftance 
plainly Ihows that; the hanks of rivers are 
Mgber than the neighbouripg ground j and that, 
&om the banks to a certain part of the plain, 
d^re ;is a fmall declivity or flope. When, there- 
fore, the water rifes to the margin of tiie banks, 
it muft be higher than the’ plain. This elevation 
of the ground on the banks of rivers is occafion- 
ed by^inud and fand being depofited in, the time 
of inundations. -The water, during great fwefls, 
is ^lWaya, exceedingly foul and muddy : When 
it begins to overflow^ it runs llowly ov^ the 
hanks, and,' by d<^foiQg the miud and iahd, it 
gHidually purities ^ it ad vances into the pdain : 
Thus,^all the -mud, and ether fubftances, which 

are 
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are not earned down by the current, are depo- 
fited upon the banks, and gradually elevate them 
above the reft of the plain. 

Rivers are always wideft at their mouths, and 
turn gradually narrower towards their Iburces t 
But it is more worthy of mmark, that, in the in- 
terior parts of a country, and at great diftances 
from the fea, their courfe is ftraight, and the 
frequency of their windings increafes propor- 
tionally as they approach to their termination. 
I have been informed by M. Fabry, who per- 
formed many journeys an the wefterti parts of 
North America, that travellers, and even the fa- 
vages, form pretty accurate computations of 
their diftance from the fea, by obferving the 
courfes of the rivers. If a river ran ftraight for 
15 or 20 leagues, they knew, themfelves to be a 
great way from the coaft; but, if the ftnuofities 
were frequent, they £oncluded that the fea was 
not very diftant. M. Fabry, when travelling 
through unknown and uninhabited regions, de- 
rived much advantage from this obfervation. 
Near the fides of great rivers, the regorging of 
the water is likewife lefs apparent the farther 
from the fea, which furnilhes another medium 
of judging concerning the diftance : And, as the 
fmuofuies multiply the nearer rivers approach 
to their mouths, it is not furprifing that fome of 
them flioqjd^ yield to the preffure of the water, 
and giv^ rife to feveral branches or divifions, 
before they reach the fea. 

VOL. I. R 
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TTie motioa of the water in rivers is very dif- 
ierent from the reprefentation given of it by 
mathematicians. The furface, taken from bank 
to bank, is not level; but the middle of the 
ftream. is either higher or lower, according to 
cireumftances, than the water at the (ides. When 
a river fwells fuddenly by the melting of fnow, 
or any other caule, its rapidity increafes ; and, if 
its courfe be ftraight, the middle of the ftream, 
where the current is greateft, rifes and %rms a 
fentihle convexity. This elevation is fonietimes 
very ^onliderahle. M, tfeipeau, who meafured 
thht diiference of level between the lides and 
the ftream of the Aveiron, found it to be three 
feet. This effedl muft always be produced 
when the rapidity of the current is great; for 
the qtScknefs of the motion, by diminilhing, or 
partly preventing the a<ftiQn of gravity, allows 
not to the water, in the fiddle of the ftream, 
time fulEcient to bring it to a level with that on 
the tides, and, therefore, it remains higher. On 
the other hand, near the mouths, though the 
current be very rapid, the water near the tides 
is commonly more elevated than that of the 
middle ; The river, in this tituation, has a con- 
cave form, the loweft: point of which is the 
middle of the ftream. This effedl is always pror- 
duc^ as far as the influence of the tides is per- 
ceptible, ^hich, in fatge rivers, extends fome- 
times to ibo or 200 leagues from the 1^3v It is 
likewife a fad well known, that the ftreams of 
. . ' livers 
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rivers continue their motion a confiderable way- 
through the waters of the fea. In thisi cafe, the 
wafer of the river has two oppofite motions. 
The middle, or current, precipitates* itfelf to- 
wards the fea ; but the adiqn of the tide ^pror 
duces a counter current, or regorging, which 
elevates the water on the fides, while that in the 
middle defcendsj and, as all 'the water mull be 
carried down by the current, that on the fides' 
conftantly defcends towards the middle of the 
ftream, with a quicknefs proportioned to the ele- 
vation it receives from the regorging of the tide. 

There are two fpecies of regorging, or dam- 
ming up, in rivers : The firft is that juft now 
defcribed, and is occafioned by the a<ftion of the 
tide, which not only oppofes the natural defcent 
of the water, but even communicates To it a 
contrary motion or current ; The other is pro- 
duced by an ina£tiv.e caufe, as .a projedion of 
the land, an ifland, &c. Though this kind of 
regorging gives not rife to any extraordinary 
counter current, it often fenfibly retards the pro- 
grefs of fmall boats, and produces what is called 
dead water ^ which obferves not the natural courfe 
of the river, but turns about in fuch a manner 
as greatly pbftruds the progrefs of veflels. Thefe 
dead waters are fenfibly felt in palling through 
the arches a bridge, efp.ecially if the river be 
rapid. 'Die celerity with which water runs, 
when the height or prSffure is the fame, increafes 
proportion as the diameter of the canal, 

, R a through 
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through which it paflTes, is diminiihed. The ce- 
lerity of a river, therefore, in pallirig through a 
bridge, increafes in the inverfe proportion of the 
width of the whole arches, to the total width of 
the river. This increafe of celerity, in pafling 
through the arch of a bridge, is fo coniiderable, 
that it puQies the water ffom the ftream towards 
the banks, from which it is relieved, and fome- 
times forms violent eddies 'or whirlpools. In 
palling under the bridge of St. Efprit, the mari- 
ners are obliged fcrupuloufly to keep the ftream, 
even after leaving the bridge ; for, if they al- 
lowed the boat to decline either to the right or 
left, it would be driven with violence againft 
the banks, or, at leaft, would be forced into the 
whirling or dead waters, from which they would 
find fome dilHcidty of efc^ping. When the 
eddy is confiderable, it forms a fmall gulf with 
a cylindrical void in the middle, round which 
the water turns with rapidity. This cylindrical 
cavity is an effolft of the centrifugal force, 
which makes the water endeavour to fly oflF 
from the centre of the whirlpool. 

When a great fwell of the river is about to 
happen, the water-men perceive a particular 
motion, which they call a moving at the bottom', 
that is, when the water at the bottom moves with 
aj^ll^ufual velocity, which, according to them, 
atWays indicates the approach of a fth^den fwell. 
The motion and weight bf the fuperioV waters, 
thought not yet arrived, foil not to aft upon th^ 

waters 
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waters in the inferior parts of the river, and to 
communicate motion ta them : For a river, in 
Ibme refpeifts, muft be coniidered as a column 
of water contained in a tube, and its channel as a 
long canal, in which every motion muft be com- 
municated from one end of it to the other. Now, 
independent of the motion of the fuperior wa- 
ters, their weight alone may increafe the celerity 
of the river, and perhaps make it move quickeft 
at the bottom ; for it is well known, that, 
when feveral boats are ^t once puftied into a 
river, they increafe the motion of the water be-* 
low, and retard that of the fup^Or water. 

The celerity of running Wat^s is not in ex- 
ad proportion to the declivity of their channels' 
A river with a uniform declivity, and double to 
that of another, ought not, it would appear, to 
run with more than a double celerity : But its 
celerity is much mom quick, being fometimes 
triple, fometimes quadruple, &c. The celerity 
depends more upon the quantity of water, and 
the weight of the fuperior waters, than upon 
the degree of defcehti In digging the bed of a 
river or drain, it is unneceflary to make the de- 
fcent uniform through its whole extent. A 
quick motion is more eafily produced by mak- 


ing the declivity much greater at the foiirce 
than at the mouth, where,, like the beds of na- 
tural rive^ it is almoft imperceptible, and yet 
they ^ireierve their celerity, which is more or 
^efs, according to the quantity they contain j for 

R 3 in 
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in great rivers, even where the ground is level, 
the water ftill runs, not only with the velocity 
originally acquired, but with the accumulated 
velocity produced by the adion and weight of 
the fuperior waters*. To make this matter ftill 
more plain, let us fuppofe the Seine from Pont- 
neuf to Pont-royal to be perfedly level, and to 
be ten feet deep; let us alfo fuppofe the bed of 
the river below Pont-royal and above Pont-neuf 
to be fuddenly dried up ; the waters, in this cafe, 
would run both Up arid down the channel, till 
their equilibrium was perffidly reftored. This 
effed is produced folely by the weight of the 
water, which fie^r allows it to remain at reft 
till its particles are equally prelTed on all fides, 
and its furface reduced to a perfed level. The 
weight of water, therefore, contributes greatly 
to increafe the celerity of its motion. This is 
the reafon why the greateft' celerity in a current 
of water is neither at the bottom nor at the fur- 
fece, but nearly in the middle, which is prefled 
both by the column above, and by the readion 
from the bottom. But, wftat is ftill mofre, when 
a river acquires a great celerity, it will not only 
preferve it, though running through a level 
country, but even furmount heights, without 

* By not attending to thefe circum dances, M. Khun was led 
fa||^]y to affirm, that the fource of the DanubeSyas at lead two 
G^frinan miles higher than its moath ; that the jMediterranean 
is 6| German miles lower than the fources of the that the 

Atlantic ocean is half a mile lower than the Mediterranean, &c. 
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fpreading much to a fide, or, at lead, without 
producing an inundation of any moment. 

One would be apt to imagine, that bridges, 
and other obftacles ereded in rivers, would create 
a confiderable diminution of celerity in their 
whole courfe. But the difference is very fraall. 
The water, upon meeting with any obftacle, rifes, 
in order to furmount it ; and the increafe of ce- 
lerity communicated by its fall, nearly compen- 
fates the retardation occafioued by the obftacle. 
Thus, finuofities, projcdtions from the land, aqd 
iflands, create but a*fmaU variation on the total 
celerity of a river’s courfe. The moft confider- 
able alterations are produced by the greater or 
lelfer quantities of water; when the quantity is 
fmall, a river runs flow, when great, it runs with 
rapidity. 

If rivers were always equally full, to enlarge 
their channels would be the beft method of di- 
minifhing their rapidity, and to contain them 
within their banks. But, as almoft all rivers 
rife and fall, it is more neceflary, for this latter 
purpofe, to narrow their channels ; for fmall 
waters, with large channels, generally fcoop 
out winding beds in the middle ; and, when they 
fwell, they follow the diredtion of thefe particu- 
lar beds, and by ftriking with violence againft 
the banks, /often do much injury to mills and 
other v^c^ks. Thefe bad effeds might be pre- 
vented,' by digging ^Ifs in the earth at conve- 
jaient diftances. To accomplifh this purpofe, a 
R 4 part 
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p^rt of ope of the banks ihould be cut through, 
and the earth removed for a confiderable fpace. 
Thefe fmall gulfs ihould be made in the ob> 
tufe angles of the river ; for the water, in turn*, 
ing, would run into them ; and, of courfe, its 
celerity would . be diminiihed. This method 
might be ufeful in preventing the fall of bridges 
in places where fufiicient barriers cannot be erect- 
ed to refill the weight of the water. 

The manner in which inundations are pro^ 
duccd, merits particular attention. When a ri- 
ver fwells, its celerity uniformly increafesj till 
it begins to overflow the banks : From that mo- 
ment its rapidity is checked, which is the reafon 
why inundations always continue feveral days ; 
for, though the quantity of water Ihould be 
diminilhed after the commencement of the in-, 
undation, it would, notwithllanding, continue 
to overflow; becaufe this drcumftance depends 
more on the celerity than on the quantity of 
water. If it were otherwife, rivers would of- 
ten overflow their banks for an hour or two, 
and then retire to their channels, which never 
happens. An inundation, on the contrary, al- 
ways lalls fome days, although the rains have 
ceafed, and lefs water runs in the river ; becaufe 
the overflowing* of waters diminilhes their cele- 
confequently, althoughL the fame 
of water arrives not in the lime tin;e 
^foraerly, the eflfe^l is the lame as if ^ larger 
quantity had been brought down. It may 

. 9 wife 
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wife be here remarked, that, if a high wind 
blows contrary to the current of the river, the 
inundation will be increafed by this occafional 
caufe, which diminiflies the celerity of the wa- 
ter; but, if the wind blows in the diredion of 
the current, the inundation will be lefs, and re- 
tire more quickly. 

‘ The inundation of the Nile,* fays M. Gran- 
ger, ‘ has long been a fubje£t of difcuilion 
‘ among the learned. Mofk of them have confi- 
‘ dered it as a fmgular dnd wonderful phaeno- 
‘ mcnon, though nothing be more natural or 
‘ more common ; for it takes place in every 

* country, as well as in Egypt. The inundation 
‘ of the Nile is occafloned by the rains which fall 
‘ in Ethiopia and Abyffinia ; but the north wind 
‘ may be regarded as the principal caufe of it : 

‘ I. Becaufe the north wind drives the clouds 
‘ which contain this jrain into Abyflinia : 2. Be- 

* caufe it prevents the water from running out 

* of the mouths of the river in any great quan- 

* tity, by damming up the ftream. The great 
‘ effeft of this wind may be remarked every 
‘ feafon ; for, when it changes from north, the 
‘ Nile Ipfes more water in one day than in four.’ 

Inundations are generally greateft in the fu- 
perior parts of rivers ; becaufe, as formerly ob-r 
tcrvcd, the .velocity of a. river uniformly in- 
creafes til] 4t empties itfelf in the ocean. Father 
Caftelh/ a feuflble writer on this fubjedi, re- 
JM^xkSy that the banks, raifed for the puqjpfe of 

keeping 
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keeping the Po from overflowing, gradually dl- 
ininifh in height, as the river approaches to the 
fea ; that, at Ferrara, which is 6o or 70 miles 
from the mouth of the river, the banks are 
about 20 feet above the ordinary level of the 
vraterj but that, at 10 or 12 miles from the 
fea, though the channel be equally narrow as 
at Ferrara, they are not above 12 feet*. 

lu fine, the theory of running waters is fub- 
je£t to many difilculties. It is not eafy to give 
general rules which will apply to every particular 
cafe. For this purpofe, ejJperience is preferable 
to fpeculation ; It is not enough that we know 
the common effeds of rivers in general j but, if 
we would reafon juftly, and give ftability to 
our labours, we ought to ftudy the peculiari- 
ties of particular rivers in which we have an 
intereft. Though the remarks I have made be 
generally new, a gTeater 5 blle£ti 0 n is neceflTary. 
Perhaps we fliall in time acquire a diftindt 
knowledge of this fubje£t, and be enabled to 
give certain rules for directing and confining 
rivers in fuch a manner as will prevent the de- 
ftrudion of bridges, banks, and other damages 
occafioned by the impetuofity of the waters. 

The great eft rivers of Europe are, the Wolga, 
the courfe of which, from Refchow to Aft- 
racan on the CafpiamSea, is about *^0 leagues; 
the Danube, which runs about 470 leagues, 

* See Racoha d*au:ori che tratuno del znoto deli’ac^^ vol. L 

p. 125- 

from^ 
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from the mountains of Switzerland to the Black . 
Sea; the Don, the courfe.of which, from the 
* fource of the Sofna, which receives it, to the 
Black Sea, is 400 leagues ; the Nieper, which 
likewife falls into the Black Sea, after running 
350 leagues ; the Duine, which empties itfelf in 
the White Sea, runs a courfe of about 300 
leagues, &c. 

The greateft rivers of Afia are the Hoanho, 
in China, which rifes at Raja-Ribron, and after 
running 850 leagues, falls into the middle of the 
gulf of Changi, in th*e Chinefe fea ; the Jenilca, 
which runs from Lake Selinga to the northern 
fea of Tartary, a courfe of about 800 leagues ; 
the Oby, the courfe of which, from Lake Kila 
to the north fea beyond Waigat’s Straits, is 
about 600 leagues; the river Amour, in eaft Taf- 
tary, has a courfe of 575 leagues, from the head 
of the river Kerlon, ^hich falls into it, to the fea 
of Kamtfchatka ; the river Menancon may be 
meafured from the fource of the Longmu, 
which falls into it, to its mouth at Poulo-con- 
dor ; the. Kian, the courfe of which is about 
550 leagues, from the fource of the Kinxa, 
which it receives, to its termination in the fea 
of China; the Ganges, which has a courfe near- 
ly of the fame extent with the Kian ; the Eu- 
phrates, cojdputing from the fource of the Irrrta, 
which U receives, runs about 500 .leagues; 
the Indus, which runs about 400 leagues, and 
iill^into the Arabian fea on the eaft of Guza- 
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rat j and the Sird^roias, which runs about 400 
leagues, and falls into Lake Aral. 

The greateft rivers of Africa are, the Sene- 
gal, the courfe of which, comprehending the 
Niger, which is a continuation of it, and the 
fource of the Oombarou, which falls into the 
Niger, is about 1125 leagues ; the Nile, which 
rifes in Upper Ethiopia, runs about 970 leagues. 
There are others, the courfes of which are but 
partially known, as the Zaira, the Coanza, the 
Couama, and the Quiltnanci, each of which we 
are acquainted with to the extent of 400 leagues. 

Laftly, in America, the river of the Ama- 
zons runs more than 1200 leagues, if we reckon 
from the lake near Guanuco, 30 leagues from 
Lima, where the Maragnon rifes j or, even com- 
puting from the fource of the river Napo, near 
Quito, the courfe of the Amazons is more than 
1000 leagues*. ^ 

The courfe of the river St. Lawrence in Ca- 
nada is more than 900 leagues, computing from 
its mouth to Lake Ontario, from that to Lake 
Huron, Lake Superior, Lake Alemipigo, Lake 
Chriftinaux, and the lake of the Affiniboils, the 
waters of all which fall into one another, and at 
laft into the river St. Lawrence. 

The river Miflifippi runs more than. 700 
leagues, from its mouth to any of. its fources, 
Mpich are not far from the lake of the AlTmi- 
boils. 


• See Voyajje de CondamUe, p. ij. 
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The river Plata extends more than 800 
leaguesj from its mouth to the fource of the 
Parana, which it receives. 

The river Oronoko runs more than 575 
leagues, reckoning from the fource of the river 
Caketa, near Pafto, which partly falls into the, 
Oronoko, and partly runs towards the river of 
the Amazons*. 

The Madera, which falls into the Amazons, 
extends more than 660 leagues. 

In order to compute .the quantity of water 
difeharged into the f^a by all the rivers, we (hall 
fuppofe, which is nearly the truth, that one half 
of the earth’s furface is lea, and the other half 
dry land : We lhall likewife fuppofe the mean 
depth of the fea to be about 230 fathoms. The 
total furface of the earth is 170981012 fquare 
miles, and that of the lea is 85490^06 fquare 
mi)es, which beings multiplied by i -fourth, 
the depth of the fea, gives 21372626 cubic 
miles for the quantity of water contained 
in the whole ocean. Now, to compute the 
quantity difeharged into the ocean by the 
rivers, let us take a river, the velocity and 
quantity of whofe waters are known j the Po, 
for example, which palTes through Lombardy, 
and waters a country of 380 miles in length. 
According to Riccioli, the breadth of the Po, be- 
fore it divides into branches, is too perches of 
Boulogne, or 1000 feetj and its depth is 10 
feet;^^d it runs at the rate of 4 miles in an 
* See M. Condamine’s Map. 

hour: 
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hl3ur : Confequently the Po difcharges into the 
fea 200,000 cubical perches of water in an hour, 
or 4,800,000 in a day. But a cubic mile con- 
tains 125,000,000 cubic perches; of courfe, it 
will require 26 days to difcharge into the fea a 
cubic mile of water. It only remains to deter- 
mine the proportion that the Po bears to all the 
rivers of the earth taken together, which cannot 
be done exadtly. But, to approach nearly to the 
truth, let us fuppofe that the quantity of water 
which the fea receives.from the great rivers in 
every country, is proportioned to the extent of 
the furfaces of thefe countries; and, confcquent- 
ly, that the country watered by the Po, and by 
the rivers which fall into it, is to the total fur- 
face of the dry land as the Po is to all the rivers 
of the earth. Now, by the moft exadt charts, 
it appears that the Po, from its origin to its 
mouth, traverfes a country of 380 miles in 
length ; and the rivers which fall into it on each 
lide arife from fources which are about 60 miles 
diftant from the Po. Thus, the Po, and the ri- 
vers it receives, water a country 380 miles long, 
and 120 broad, which makes 45600 fquare 
miles. But the furface of the dry land is 
,8 5490506 fquare miles; confequently, the quan- 
tity of water carried to the fea by all the rivers 
will be 1874 times greater than ^the quantity 
difcharged by the Po. But, as 26 rivers, equal 
to the Po, furnilh a cubic mile of wa^er each 
day, it follows, that, in the fpace of a\year. 
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1874 rivers equal to the Po, will carry to the 
fea 26308 cubic miles of water; and that in 
812 years, all thefe rivers would difcharge 
21372626 cubic miles, which is a quantity equal 
to what is contained in the ocean ; of courfe, if 
the ocean were empty, 812- years would be ne- 
ceflary to fill it by the rivers *. 

It is a refult of this calculation, that the quan- 
tity of water raifed from the fea by evapora- 
tion, and tranfported upon land by the' winds, 
is from 20 to 21 inches in the year, or about 4 
of a French line each day. This evaporation, 
though tripled to make allowance for what falls 
back into the fea from the clouds, is very incon- 
fiderable. Mr. Halley 'f has clearly demonftrated, 
that the vapours tranfported from the fea, and 
difcharged upon the land, are fufficient to main- 
tain all the rivers and lakes in the world. 

After the Nile, th«> Jordan is the largeft river 
in the Levant, or even in Barbary, It difcharges 
each day into the Dead Sea about 6,000,000 of 
tons. All this water, and more, is carried oft* 
by evaporation ; for, according to Halley’s cal- 
culation of 6914 tons evaporated from each fu- 
perficial mile, the Dead Sea, which is 72 miles 
long, and 18 broad, muft lofe every day, by 
evaporation, near 9,000,000 of tons ; that is, 
not only all ihe water it receives from the Jor- 
dan, but from the fmaller rivers which come 

• See_^eil’s Examination oF Burnet’s Theory, p. 126. 
t Sf/S Phil. Tranf. num. 192. 
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from the mountains of Moab, and elfewhere. 
Of courfe, this fea has no occafion to communi- 
cate with any other by fubterraneous paflages*. 

The moft rapid of all rivers are, the Tigris, 
the Indus, the Danube, the Yrtis in Siberia, the 
Malmiftra in Cilicia, &c f . But, as was for- 
merly remarked, the velocity of rivers -depends 
both on the declivity and the wejght of water. 
In examining the globe, we find that the Da- 
nube has lefs declivity than the Po, the Rhine, 
or the Rhone ; for the courfe of the Danube is 
longer, and it falls into the Black Sea, which is 
higher than the Mediterranean, and perhaps 
than the ocean. 

Great rivers, in their courfe, are conftantly 
receiving fmall ones into their channels. The 
Danube, for example, receives more than 200 
brooks and ;|rivulets. But if we reckon only 
rivers of fome confideratiQin, we will find, that 
the Danpbe receives 30 or 31, the' Wolga 32 or 
3 5, , the Don 5 or $, the Nieper 19 or 20, the 
Duinc n or 1 2. The Hoanho, in Afia, receives 
34 or ^5 rivers, the jenifea more than 60, the 
Oby an equal number, the Amour about 40, the 
Kian, or river Nankin, 30, the Ganges more 
than 20, the Euphrates lo idr ii, &c. In Afri- 
ca, the Senegal receives more than 20 rivers j 
the Nile receives none lower than 500 leagues 
-from its mouth, the laft which' falls into it be- 
ing the Moraba; and from this place to its 


• See Shaw’s Travels* 


t See Varenli Geog. p. 
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jtource, it receives about 12 or 13. In America, 
the Amazons receives more than 60 confider- 
able rivers, St. Lawrence about 40, reckoning 
thofe which fall into the lakes, the Millilippi 
more than 40, the Plata above 50, &c. 

Upon the furfa(;e of the earth, there are ele- 
vated countries which feem to be points of par- 
tition mz^rked out by nature for the diftribution 
of the waters. In Europe, one of thefe points 
is Mont Saint-Godard, and its environs. An- 
other point is the country fituated between the 
provinces of Belozer^and Wologda in Mufeovy, 
from which many rivers defeend, fome into the 
White Sea, fome into the Black, and others into 
the Cafpian. In Alla, there are feveral points of 
partition, as the country of the Mogul Tartars, 
fome of whofe rivers run into the fea of Nova 
Zetnbla, others into the gulf of Linchidolin, 
others into the fea of ®orea, and others into that 
of China ; and the Lefler Thibet, the rivers of 
which run into the Chinefe fea, into the’ gulf of 
Bengal, the guli' of Cambaia, and the Lake Aral. 
The province of Quito, in America, difeharges 
its rivers into the Ibuth and north feas, and into 
the gulf of Mexico; 

In the Old Continent, there are about /J30 
rivers which ciiredlv fall either into the Ocean, 
or into the Mediterranean and Black Seas. But, 
in the New Continent, we know of only 135 
rivers which fall imm'ediately into the fea. .. in 

. KOL. I, ‘ s this 
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this number I have reckoned none which are 
not as large as the river Somme in Picardy. 

All thefe rivers tranlport, from the countries 
through which they pafs, into the fea# great 
quantities of mineral and faline particles. The 
particles of fait, which diflblve in water, are eafily 
carried down to the fea. Several philofophers, and 
particularly Halley, have alledged, that the falt- 
nefs of the fea proceeds alone from the particles 
of fait tranfported by^ the rivers ; Others main- 
tain, that this faltnefs* was coeval with the fea 
itfelf, and that the fait wts created to prevent 
the waters from corrupting. But the agitation 
of the fea by the winds and the tides is, I ima- 
gine, a caufe equally powerful as the fait in pre- 
ferving it againft putrifadtion ; for, when bar- 
relled up, it corrupts in a few days. And Boyle 
informs us of a navigator who was overtaken 
with a calm which lafted «3 days, and who af- 
fured him, that the water became fo putrid, that, 
if the halm had continued much longer, the 
whole crew would have periflied'*. Sea-water is 
alfo impregnated with a bituminous oil, which 
renders it both unwholefome and difagreeable 
to the tafte. The quantity of fait in fea-water 
is about a fortieth part, and it is nearly of an 
equal faltnefs at the furface and at the bottom, 
under the Line and at the Cape o£*Good Hope; 
though there are fome particular plates, as off 
the Mofambique coaft, where it is more l^lt than 
* See Boyle, vol. iii. p. 222. 

17 In 
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In others*. It is likewife faid to be lefs fait 
within the Arctic circle : But this phsenomenon 
may proceed from the immenfe quantities of 
fnow, and the large rivers which fall into thefe 
feas, and from the proportional defetft of evapo- 
ration. 

However this matter Hands, I believe, that 
the faltnefs of the ocean is not only occafioned 
by the many banks of fait , at the bottom of the 
fea, and along the coaHs, but likewife by the 
falls continually brought* down by the rivers ; 
that Halley was ri^t in his conjecture that 
there was originally little or no fait in the fea, 
but that its faltnefs gradually augmented in pro- 
portion as fait was fupplied by the rivers ; that 
the degree of faltnefs is perpetually increafing ; 
and, confequently, that, by computing the total 
quantity of fait carried down by the rivers, we 
might be enabled to (Rfcover the real age of the 
world. Mr. Boyle affirms, on the authority of 
divers and pearl-fifhers, that the water is colder 
in proportion to its depth ; and that, at great 
depths, the cold becomes fo exceflive as to oblige 
them to come up much fooner than ufual. But 
the weight of the water may be as much the 
caufe of their uneafinefs as the intenfenefs of the 
cold, efpecially when they defcend 300 or 400 
fathom. Divers, however, feldom go deeper 
than 100 feet. The fame author relates, that, 
in a voyage to the Eaft Indies, when they ar- 

♦ See Boyle^ vol. iu. p. 217. 
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. rived at the 35th degree of fouth latitude, they 
founded to the depth of 400 fathoms, and when 
the lead, which weighed about 30 pounds, was 
drawn up, it bad become as cold as ice. It is 
Kkewife a common practice at fea to fink the 
bottles feveral fathoms, in order to cool their 
wine ; and h is laid, that the deeper the bottles 
are funk, the wine becomes the cooler. 

Thefe fadls Would lead us to imagine, that 
the fea-water was falter at the bottom than at 
the furface. But they are oppofed by fadts of a 
contrary nature : Experirafents have been made 
with veflels which opened only at a certain depth, 
and the water was not found to be falter than 
that at the furface : There are even examples 
of the water at the bottom being frelher than at 
the furface: This ph:Enomenon is exhibited in 
all thofe places where Iprings arife from the bot- 
tom of the fea, as near Gba, at Ormus, and in 
the fea of Naples, in which there are many 
warm Iprings. 

Ill other places, fulphureous Ijirings and beds 
of bitumen have been difeovered at the bottom 
of the fea ; and, upon land, there are numerous- 
fprings of bitumen which run into the fea. At 
Earbadoes, there is a fountain of bitumen which 
runs from the rocks into the fea. Bitumen and 
lalf, then, are the principal ingredients in lea- 
water. But it is blended with many other fub- . 
-dances ; for its tafte diners corifiderably, in dif- 
ferent parts of the ocean : Befides, agitation and 
: - . the, 
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the heat of the fun change the natural tafte of 
fea-^ater ; and the different colours of different 
feas, and even of the fame fea at different times, 
prove it to be mixed with many heterogeneous 
bodies, which are detached either from the bot- 
tom, or carried down by the rivers. 

Moft countries that are furnifhed wi^ large 
rivers are fubjedl to periodical inundations; and 
thofe rivers which have long courfes overflow 
with the greateft regularity. Every body has 
heard of the inundations of the Nile, the waters 
of which, though fpsead over a large track of 
country, and at a great diftance from the fea, 
preferve their fweetnefs and tranfparency. Strabo 
and other ancient authors tell us, that the Nile 
had feven mouths ; but now only two which are 
navigable renaain: A, third canal, indeed, fup- 
plies the cifterns of Alexandria; and there is a 
fourth, which is ftill .^fs confiderable. As the 
cleaning of thefe canals has long been negledled, 
they are moftly in ruins. In thefe works the 
ancients employed annually a vail: number of 
workmen and foldiers, who carried off the mud 
and fand which this river brings down in great 
quantities. The overflowing of the Nile is occa- 
fioned by the rains which fall in Ethiopia : They 
begin in April, and end not till September. Dur- 
ing the firft three months, the days are ferene 
and beautiful ; but the fun no fooncr fets, than 
the rains begin, continue incefllintly till fun-r 
riling, and are commonly accompanied with 

« ^ thunder 
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thunder and lightning. The inundation in 
Egypt begins about the lyth of June; it gene- 
rally takes 40 days in fwelling^ and as many in 
fubfiding. The whole flat country of Egypt is 
overflowed : But the inundation is not now fo 
great as in ancient times; for Herodotus affirms, 
that th| Nile fwelled 1 00 days, and required an 
equal time to fubfide. If this fa£t be true, the 
difference can be afcribed to no other caufes but 
the gradual elevation of. the land by the mud 
brought down and depolited, and the diminution 
in the height of the mouivtains front which this 
river derives its fource. It is natural to think, 
that the height of the mountains is dimlnifhed ; 
for the heavy rains that fall in thefe regions dur- 
ing one half . of the year, bring down great 
quantities of fand and earth from th^ tops of 
the mountains into the valleys, from which they 
are tranfported by torren(g into the channel of 
the Nile, and are partly depofited on the land by 
the inundations. 

The Nile is not the only river that has regu- 
lar and annual overflowings : The Pegu, which 
is equally regular in its inundations, has, from 
this circumflaQce, got the name of the Indian 
Nile. It overflows the country for 30 leagues 
beyond its banks, and, like the Nile, leaves great 
quantities of mud and flime, which enrich the 
ground fo much, that it produces excellent paf- 
ture for cattle, and enables the inhabitants to 

export 
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export rice*. The Niger, or, which is the fame 
thing, the upper part of the Senegal, overflows 
and covers the whole flat country of Nigritia. 
Its inundations, like thofe of the Nile, begin about 
the middle of June, and increafe for 40 days. 
The Plata, in Bralll, overflows annually, and at 
the fame time with the Nile. The Ganges, the 
Indus, the Euphrates, and forae other rivers, 
produce annual inundations. But all rivers are 
not fubjedl to periodic inundations ; Thefe pro- 
ceed from a combination of caufes, which, at 
the fame time, augment the quantity of water, 
and diminifli its velocity. 

We formerly remarked, that the declivity of 
rivers gradually diminifli till they arrive at the 
fea. But, in fome places, the declivity is more 
fudden, and forms what is called a cataraSi^ 
which is nothing more than an unufiially rapid 
fall of the water. Ii>the Rhine, for example, 
there arc two cataracts, one at Bilefeld, and the 
other near Schafhoufe. The Nile has feveral 
cataracts: Two of the moft remarkable fall from 
a great height between two mountains. In the 
Wologda, in Mufeovy, there are alfo two, near 
Ladoga. The Zaire, a river in Congo, com- 
mences with a large cataraCt, which falls from 
the top of a mountain. But the moft celebrat- 
ed cataraCl is that of the river Niagara in Ca- 
nada: It falls, in a prodigious torrent, 156 feet 
of perpendicular height, and is a fourth part of 
• SecLes Voyages d'Ovington, tom. ii. p. 390. 

s 4 a league 



OF RIVERS. 


^3q 

a league In breadth. The vapour of the water 
rifcs to the clouds, is feen at the diftance of five 
leagues, and, when the fun fliines above it, ex- 
hibits a beautiful rainbow. Below this cataraQ, 
the whirlpools and commotions of the waters 
are fo tremendous, as to render navigation im- 
practicable for fix miles: and immediately above 
the cataraCt, the river is much narrower than 
higher up*'. Charlevoix f defcribes it in the 
following manner: 

* My firft care, after my arrival, was to vifit 

* the nobleft cafcade, perh;%ps, in the world ; but 

* I prefently found the Baron de la, Hontan ‘had 

* committed fuch a miftake with refpeCt to its 

* height and figure, as to create a fufpicion that 

* he had never feen it. If, however, you mea- 
‘ fure its height by that of the three mountains 
*■ you are obliged to climb to get at it, it does 

* not fall much fhort of tyhat the map of M. 

* Deflille makes it, that is, 600 feet. He has 

* probably adopted this paradox, either on the 

* faith of the Baron dc la Hontan, or of Father 

* Hennepin. But, after I arrived at the furnmit ' 

* of the third mountain, I obferved, that, in the 
‘ fpace of three leagues, which I had to walk 

* before I came to this piece of water, though 

* you are fometimes obliged to afcend, you muft 

* yet defcend ftill more; a circumftajnce to which 
‘ 'travellers feem not to have fufficiently attend- 

* ed. As it is impollible J:o approach it but on 

♦ See Phil. Tranf. Abridg. vol, vi. pare ii.p. 119. 

Tom. iii- p. 353:. 
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* one fide, and confequently to fee It, except in 

* profile, it is no eafy matter to meafure its 
‘ height with inftruments. It has, however, 
‘ been attempted by means of a pole tied to a 

* long line, and, after many trials, it has been 

* found to be only 115, or 120 feet high. But 

* it is impoffible to be fure that the pole has not 

* been ftopt by fome projeding rock ; for, 
‘ though it was always drawn up wet, as well 

* as the end of the line to which it was tied, 

* this circumftance proves nothing, as the water 

* which precipitates^ itfelf from the mountain, 

* rifes very high in foam. Tor my own part, 

* after having examined it on all fidcs, where it 
‘ could be viewed to the greateft advantage, I 

* am inclined to think that we cannot allow it 

* to be lefs than a hundred and forty or fifty 
‘ feet high. 

‘ As to its figure, k refcmbles that of a horfe- 

* fhoc, and is about 400 paces in circumference. 
‘ It is divided into two, cxadtly in the middle, 
‘ by a very narrow ifiand, half a quarter of a 
‘ league long. It is true, thefe two parts very 
‘ foon unite ; that on my fide, and which I 
‘ could have a fide view of only, has feveral 
‘ branches which project from the body of the 
‘ cafeade, but that which I view'ed in front, ap- 
‘ peared to me quite entire. The Baron dc la 
‘ Hontan mentions a torrent, coming from riie 

* weft, which, if this author has not invented it, 

* muft certainly fall through fome channel dur- 
‘ ing. the melting of the fnowts only.* 


Three 
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Three leagues from Albany, in the province 
of New York, there is a cataract of 50 feet per- 
pendicular height, the vapour of which likewife 
gives rife to a rainbow*. 

In every country where the number of, men 
is too .inconfiderable for forming and fupporting 
poliftxed fpcieties, the furface of the earth is 
more unequal and rugged, and the channels of 
rivers are more extended, irregular, and often 
interrupted by cataradis. The Rhone and the 
Loire would require the operation of feveral 
ages before they became ©avigable. It is by 
confining and directing the waters, and clearing 
the bottoms of rivers, that they acquire a fixed 
and determinate courfe. In thinly inhabited 
regions, nature is always rude, and fometimes 
deformed. 

Some rivers lofe themfelves in the fands, and- 
others feem to precipitate ijito the bowels of the 
earth. The Guadalquiver in Spain, the river of 
Gottenburg in Sweden, and even the Rhine, 
difappear under ground. It is affirmed, that, in 
the weft part of the Ifland of St. Domingo, there 
is a pretty high mountain, at the foot of which 
are feveral large caverns that receive the rivers 
and brooks ; and the noife of their fall is heard 
at the diftance of feven or eight leagues f. The 
number of rivers, however, which* difappear in 
the earth, is very final! j and they feem not to 

• See Phil. Tranf. Abridg, vol, vi, partii. p. 119. 
f See Vareii. Gcogr, p. 43. 
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defcend very deep. It is more probable, that, 
like the Rhine, they lofe themfelves by dividing 
and difperfing through a large furface of fand, 
which is very common with thofe fmall rivers 
that run through dry and Tandy ground, of 
which there are many examples in Africa, Per- 
lia, Arabia, &c. 

The rivers of the north carry down to the 
fea prodigious quantities of ice, which, by accu- 
mulating, form thofe enormous mafles, fo dan- 
gerous to the mariner. , The ftraits of Waigat, 
which is frozen during the greateft part of th^ 
year, is moft remarkable for thefe mafles of ice, 
that are conftantly brought into the ftraits by 
the river Oby. They attach themfelves all along 
the coafts, and rife to great heights. The 
middle of the ftrait freezes laft, and the ice, of 
courfe, does not rife fo high as on each lide. 
When the north win 4 ceafes, and it blows in the 
dire£lion of the ftraits, the ice begins to melt and 
to break in the middle ; then large mafles are 
detached and tranfported into the open fea. 

* The wind, which blows during the whole win- 
ter from the north, over the frozen country of 
Nova Zambia, renders the regions watered by 
the Oby, and all Siberia, fo cold, that, at Tobol-* 
Iki, in the 57th degree, there are no fruit trees, 
though at Stockholm in Sweden, and even in 
higher latitu.des, they have fruit trees and legu- 
minous plants. This difference proceeds not, 
as has been ima^ned, from the fea of Lapland 

being 



OF RIVERS. 


284 

being colder than that of the ftralts, nor from 
the country of Nova Zembla being colder than 
that of Lapland, but from this circumftance 
alone, that the Baltic and the fea of Bothnia fof- 
ten the rigour of the north wind; whereas, in 
Siberia, there is nothing to check its adlivity. 
This foluticn is a re.'ult of experience. The cold 
is never fo intenfe near the fea-coafts as in the 
interior parts of a country. There are plants 
which endure the open air all v/inter at London, 
which cannot be preferved at Paris : and Sibe- 
ria, which is a vaft continent, is, for this reafon, 
colder than Sweden, which is almoft furrounded 
with the fea. 

Spitsbergen is the coldeft country In the 
world : It runs as far as the 78th degree of 
north latitude, and is compoiecl of fmall, pointed 
mountains. Thcfc mountains confift of gravel, 
and of flat ftones, like gmy flate, heaped upon 
one another. According to the accounts of voy- 
agers, thefe hills are raifed by the winds, and 
new ones appear every fcafon. In this country 
no quadrupeds live but the rein deer, which * 
feeds upon mofs. Beyond thefe hills, and 
above a league from the fea, the maft of a fliip 
was lately found with a puily fixed to one end 
of it; from which circuraftances', it has been 
concluded, that this is a new country, and that 
It was formerly covered with the fea : It is Un- 
inhabited and uninhabitable ; for the hills have 
no conflfteace, but are loofc and moveable; and 

a va- 
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a vapour proceeds from the earth, fo cold and 
penetrating, as to preclude the poffibility of re- 
maining any time upon this dreary and inhof- 
pitable land. 

The whale-fifliing veflels arrive at Spitzber- 
gen in July, and depart from it aboiir the mid- 
dle of Auguft. The ice perriiits them not to 
arrive fooner, or to remain longer. In thefe 
feas there are prodigious boards of ice, clear and 
Alining as glafs, and from 60 to 80 fathoms 
thick j and, in fome places the fea appears to be 
frozen to the bottom,^. 

The feas of North America are llkcwifc much 
infefted with ice, as in Afcenlion-bay, in Hud- 
fon’s, Cumberland’s, Davis’s, and Frobiflier’s 
llraits, &c. We are alTured by Robert Lade, 
that the mountains of FrieAand are entirely co- 
vered with fnow; and that the ice furrounds the 
coafts, and, like a bulwark, prevents all approach 
to them. ‘ It is remarkable,’ fays he, ‘ that, in 
‘ this fca, we meet with iflands of ice, mere than 
‘ half a league in circumference, exceedingly 
‘ high, and defeend from 70 to 80 fathoms 
‘ deep. This ice, which is fweet, is perhaps 
‘ originally formed in the rivers or ftraits of the 
‘ adjacent lands, &c. Thefe iflands or moun- 
* tains of ice are moveable, and, in ftorms, they 
‘ follow the trad of a Ihip, as if they were 
‘ drawn after her by a rope. Some of them 

* Sec recuei! des voyages du Nord, tom. j. p. 154. 
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* rife lb high above water, that they furmoiiht 

* the tops of the tallefts mails &c. 

In the voyages collected for the ufe of the 
Dutch Eall India Company, we have the fol- 
lowing account of the ice off Nova Zembla ; 

* At Cape Trooll, the weather was fo foggy, as 

* to oblige us to moor our veflel to a bank of 
‘ ice, which was 36 fathoms below, and 16 

* above the furface of the water. On’ the i oth 
‘ of Auguft, the ice began to feparate, and to 

* float; we then remarked, that the mafs to 
‘ which our veflel had been moored, touched 

* the bottom; for, though the others were all 

* in motion, and llruck againll it, and againll 
‘ each other, it remained immoveable. We 

* were now afraid of being frozen in, or dallied 

* to pieces; we, therefore, endeavoured to efcape 
‘ from this latitude, though the vclTel, in 

* her courfe, was obliged*' to pulh through the 

* ice, which made a great noife round us for 
‘ a conliderable dillance: we at lall anchored 

* along another board of ice, where we remain- 

* ed that night. 

* During the firft watch, the ice began to 

* fplit, with an inconceivable noife. The Ihip’s 
‘ head kept fo llrongly to the current in which 

* the ice-boards floated, that we were obliged to 
^ veer the cable in order to get her ofli We 

* counted above' 400 blocks of ice, which fank 

• See Lade’s voyages. 
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* !o fathoms below the water, and appeared to 

* rife about two fathoms above it. 

* We then moored the veflel to another block 
‘ of ice, which was immerfed below the furface 

* about fix fathoms. At a little diftance from 
‘ this ftation we perceived a large bank, which 
‘ was pointed ‘like a cone, and reached to the 

* bottom of the fea : we approached it, and 

* found it to be 20 fathoms below, and about 

* 12 above the furface of the water. 

* On the nth, we failed up to another bank, 

* which was 1 8 fathoms below the furface, and 
‘ 10 fathoms above it. 

‘ The Dutch, on the 21ft, advanced a great 

* way between the boards of ice, and anchored 
‘ during the niglhit. Next morning they retired, 
‘ and moored to a bank which was 1 8 fathonus 
‘ below, and 10 above the Water. They climbed 
‘ to the top, and remarked, as a fingular phs- 
‘ nomenou, that it was covered with earth, and 
‘ that they found there about 40 eggs. Its co- 
‘ lour was a fine azure blue, and totally diflfer- 
** ent from that of the other malTes. This cir- 
‘ cumfiance gave rife to various fpeculations ; 

‘ fome imagining it to be an effect of the ice, 
‘ and others thought the whole was a mafs of 
‘ frozen earth*.’ 

Wafer met With many floating pieces of ice, 
off Terra del Fuego,; which were fo large that 

* See Troifieme vjj’age Ccs Hollandois par le Nord, tom. 
-• P* 46. 
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he at firft imagined them to be iflands: fome 
of them, he remarks, appeared to be a league or 
two in length, and the largeft of them feemed to 
rife 400 or 500 feet above the furface of the 
water. 

All thefe boards of ice, as I have remarked in 
the 6th Article, are tranfported, from the rivers 
into the fea. Thofe in the fea of Nova Zembla 
and in the Straits of Waigat, come from the 
Oby, and, perhaps, from the Jenifca, and 
other great rivers in Siberia and Tartary; 
thofe of the Hudfon’s Straits, from Afcen- 
fion-bay, into which many rivers in North Ame- 
rica empty themfelves ; and thofe of Terra 
del Fuego, from the fouthern continent. If 
fewer of them appear in the northern coafts of 
Lapland than in thofe of Siberia and Waigat’s 
Straits, it is becaufe all the Lapland rivers fall 
into the gulf of Bothnia, und none of them in- 
to the north fea. They may likewifo'be formed 
in ftraits, where the tides rife higher than in the 
open fea; and, confcquently, where the boards 
of ice which float on the furface may accumulate 
and produce mafies or banks of feveral fathom) 
high. But, with regard to thofe which rile to 
the height of four or five hundred feet, it ap- 
pears, that they can no where be produced but 
near very elevated coafts; and I iinagine, that, 
when the fnows which cover thefe coafts melfi 
the water runs down upon the boards of ice, 
and, by freezing anew,„gradually augments their 
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fize, till they arrive at this amazing height ; 
that, in a warm fumnler, the adion of the winds, 
the agitation of the fea, and perhaps their own 
weight, may detach them from the coafts, and 
fet them adrift; and that they may even be 
tranfported into temperate climates before they 
are entirely dilToIved. * 
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OF THE 

THEORY OF THE EARTH, 


ARTICLE XL 
Of Seas and Lakes, 

T he dry land is every where furroundec! 

by the ocean ; it pefietrates, fometimes by 
large openings, and 'fometimes by fmall ftraits, 
into the interior parts of different countries, and 
forms mediterranean feas, fome of which are 
affedted by th'e motion of the tides, and others 
not. We fhall, in this article, trace the ocean 
through all its windings ; and, at the fame time, 
give an enumeration of the mediterrane^in feas, 
which we fliall endeavour to diftinguifh from 
what are called bays or gulfs, and lakes. 

|The fea that lyafhes the weftern coafts of 
France, fortns a gulf between Spain and Brit- 
tany. This gulf is, by navigators, called., the Bay 
' • of 
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of Bifcay: It is very open, and advances far* 
theft into the land between Bayonne and St. Se- 
baftian. It likcwife advances coiifiderably at 
Rochelle and Rochefort* This bay begins at 
Cape Ortegal, and terminates at Breft, where a 
ftrait commences between the fouth point of 
Brittany and the Lizard Point. This ftrait, which 
is at firft pretty wide, forms a fmall bay on the 
coaft of Normandy, the rhoft advanced point of 
which is at Auranche. It continues pretty large 
till it arrives at the channel of Calais, where it 
is very narrow ; it rfien fuddenly enlarges, and 
terminates between the Texel and the coaft of 
Norwich : At the Texel, it forms a fmall fhallow 
mediterranean called Zuiderfee^ and feveral large 
gaps or advances, the waters of which are not of 
a conliderable depth. 

After this, the ocean forms a large bay called 
the German Sca^ which commences at the north- 
moft point of Scotland, and runs along the eaft 
coaft of Britain the length of Norwich ; and 
from thence to the Tc.xcl, along the coafts of 
Holland and Germany, of Jutland and Norway, 
as far as Bergen. This bay may even be con- 
fidered as a mediterranean ; for the Orkney 
iflands nearly fhut up its mouth, and feem, by 
their direction, to be a continuation Of the moun- 
tains of Norway. It forms a large ftrait, which 
commences at the fouth point of Norway, and 
continues pretty broad to the ifland of Zetland, 
where it fuddenly contra<Sls,*and forms,, between 
T 3 the 
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the coafts of Sweden and the iflands of Denmark 
and Jutland, four fiiiall ffraits ; after which, it 
widens to a fmall bay, the moft advanced point 
of which is at Lubec; from thence, to the fouth 
extrenaity of Sweden, it continues pretty broad; 
then it enlarges more and more, and forms the 
Baltic, which is a mediterranean fea, extending, 
from fouth to north, near 300 leagues, if the 
gulf of Bothnia, which is a continuation of it, 
be comprehended. In the Baltic are two bays, 
that of Livonia, the moft advanced point of 
which is near Mittati and Riga, and that of Fin- 
land, which is a branch of the Baltic, extending 
between Livonia and Finland to Peterfburgh, 
and communicating with Lake Ladoga, and even 
with Lake Onega, which joins the White Sea by 
means of the river Onega. The whole body 
of water which forms the Baltic, the gulfs of 
Bothnia, of Finland, and® of Livonia, ought to 
be regarded as an immenfe lake, fupported by a 
great number of rivers, as the Oder, the Viftula, 
the Niemen, the Droine in Germany and Po-^ 
land ; by other rivers in Livonia and Finland, 
by others ftill more conliderable which come 
from Lapland, as the Tornea, the Calis, the Lu- 
la, the Pithea, the Uma ; and by feveral from 
Sweden^ Thefe rivers, which, in general, are 
large, amount to more than 40, including thofe 
which fall into them, and cannot fail to convey 
a quantity of water fulBcient to fupply the Baltic. 
Befides,. there are no tides in the Bakic, and its 

water 
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water has very little faltnefs : And if the fitua- 
tlon of the land, and the number of lakes and 
marfhes in Finland and Sweden, which are con- 
tiguous to the Baltic, be taken into conlideration, 
we fhall be inclined to regard it not as a fea, but 
as a great lake formed by the waters which it 
receives from the adjacent countries, and which 
have forced for themfelves a paflage near Den- 
mark into the ocean, into which, according to 
the relation of voyagers, it ftill continues to run. 
From the commencement of the bay which 
goes by the name ofithe German Sea, and which 
terminates beyond Bergen, the ocean follows 
the coafts of Norway, Swedi/h Lapland, North 
Lapland, and Mufcovite Lapland, at the eaftern 
part of which it forms a large ftrait, and gives 
rii'e to the mediterranean called the White Sea, 
which may alfo be confidered as a great lake ; 
for it receives twelve or thirteen large rivers, 
which are more than fufficient to fupply it with 
water; and its water contains but little ialt. 
Befides, it very nearly, in feveral places, com- 
' municates with the Baltic ; and it has an evi- 
dent communication with the gulf of Finland ; 
for, in afcending the river Onega, we arrive at 
a lake of the fame name, which is joined by two 
rivers to Lake Ladoga ; and this laft communi- 
cates by a large branch with the gulf of Finland j 
and there are, in Swedilh Lapland, feveral places 
from which the waters run almoil indifferently 
either into the White Sea of into the gulfs of 
T 3 Bothnia 
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Bothnia and of Finland. This whole country 
is full of lakes and marflies, and, therefore, it 
. feems probable, that the Baltic and White Seas 
were the receptacles of its waters,’ and that, in 
time, they difcharged themfelves into the Ger- 
man and Frozen Seas. 

On leaving the White Sea, and coafting the 
ifland of Candenos, and the north of Ruflia, the 
ocean advances a fmall arm into the land at the 
mouth of the river Petzora. This arm, which 
is about 40 leagues in ‘length, by 8 or 1 o in 
breadth, may rather be regarded as a colledion 
of water formed by the river, than as a gulf of 
the fea j for it alfo contains very little fait. In 
this place the land runs out in a promontory 
terminated by the fmall iflands of Maurice and. 
of Orange ; and between this promontory and 
the neighbouring land to the fouth of Waigat’s, 
ftrait, there is a bay of abbut 30 leagues long, 
which belongs to the ocean, and is not formed 
by rivers. This is fucceeded by Waigat’s ftrait, 
which lies nearly under the yoth degree of 
north latitude ; it is not above 8 or lo leagues ^ 
in length, and it communicates with the fea, 
which wafhes the north coafts of Siberia. As 
this ftrait is blocked up with ice during the. 
greateft part of the year, it is very difficult to 
^nctrate into the fea beyond it. This paflage 
has been tried in vain by many navigators j and 
thofe who fucceeded have not given us exad 
chzurts of tjhe fea, which they call the Pacific 

Sea. 
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Sea. By the moft recent charts, and by the 
heft globes, it appears, that this fca may be only 
a mediterranean, having no connection with the 
great fea of Tartary j for it feems to be fhut up 
and bounded to the fouth by the country of the 
Samoides, which is now w'ell known, and which 
extends from the Straits of Waigat to the mouth 
of the river jenifea : To the call, it is bounded 
by Jelmorland ; to the w-eft by Nova Zembla ; 
and, though we know not the extent of this 
fea to the north and nortji-eaft, as the land feems 
not to be interruptec^ it is probable that the Pa- 
cific Sea is only a mediterranean ; and that it is 
bounded by land, and has no communicatiQn on 
that fide with the ocean. What eftablilhes this 
faCh is, that, in departing from the Straits of 
Waigat, the whole weft and north coafts of No- 
va Zembla, the length of Gape Defire, have been 
traverfed ; that, froirv this Cape, the coafts of 
Nova Zembla have been traced to a fmall bay 
about the 75th degree, where fome Dutchmen 
pafled a dreadful winter in 1596; and that, be- 
•yond this gulf, the land of Jelmorland was 
difeovered in 1664, which isfeparated from Nova 
Zembla only by a few leagues of land ; fo that 
the only land unknown is a fmall ipot near this 
little bay juft now deferibed ; and this fpot ex- 
ceeds not, perhaps, 30 leagues in length. If^ 
therefore, the Pacific Sea joins with the eafterh 
ocean, it muft be by^ means of this fmall bay, 
which is the only way by w'hich this mediter- 

T 4 ■ ranean 
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ranean can have any communication with the 
eaftern ocean. And, even on the fuppofition 
that fuch a communication exiHed, as this bay 
lies in the 75th degree of latitude, it would be 
neceflary, to. gain this open fea, to keep five de- 
grees farther north. It is apparent, therefore, 
that, in attempting a north pafiage to China, it 
is better to fail beyond Nova Zembla to the 77th 
or 78th degree, where the fea is more open and 
clearer of ice, than to perfill in paffing the fro- 
zen flraits of Waigat, .when it is even uncertain 
whether the fea beyond thpm has any commu- 
nication with the eaftern ocean. 

The coaft has been traced from Nova Zem- 
bla and Jelraorland to the mouth of liie Chotan- 
ga, which is about the 73d degree; beyond 
which an unknown coaft extends about 200 
leagues. We only know, from the Ruffians 
who travelled by land into thefe climates, that 
the country is not interrupted ; and, in their 
charts, the rivers are delineated, and they called 
the inhabitants Poptili Palati. This interval of 
unknown coaft extends from the mouth of the* 
Chotanga to that of Kauvoina, in the 66th de- 
gree of latitude. The bay of LinchidoKn, in 
which the Ruffians fifti whales, advances far- 
theft into the land at the mouth of the Len, 
which is a confiderable river. This bay is very 
open, and pertains to the fea of Tartary. 

From the mouth of the Len, the northern 
coaft of Tartary runs about 500 leagues eaft- 
3 ward 
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ward to a peninfula inhabited by a people called 
Schelates. It is the moft northern point of Tar- 
tary, and lies under the yad degree of latitude, 
la this extent of 500 leagues, the ocean forms 
neither bays nor arms ; only from the peninfula 
of the Schelates, to the mouth of Korvinea, 
there is a confiderable elbow or proje<3:ion. I'his 
point is the eaftern extremity of the north coaft 
of the Old Continent, and Cape North in Lap-*- 
land is the weftern extremity. Thus, we have 
of northern coaft from Cape North in Lapland, 
to the extremity of the country of the Schelates, 
an extent of 1700 leagues, including the fmu- 
ofities of bays; and it meafures about 1100 
leagues in a ftraight line. 

Let us next take a furvey of the eaftern coafts 
of the Ancient Continent. We fhall begin at the 
extreme point of the country of the Schelates, 
and defeend towards •the equator. The ocean 
firft makes a turn between the country of the 
Schelates and that of the Tfchutfchi, which laft 
projeds conllderably into the fca. To the fouth 
* of this country, there is a fmall open bay, called 
the bay of Sudloikret, This bay is I'ucceeded by 
another, which advances, like an arm, about 40 
or 50 leagues into the land of Kamtfchatka : 
after which the ocean flows in, by a narrow 
ftrait, full of fmall iflands, between the fouthern 
point of Kamtfchatka and the northern point 
of the land of Jeflfo, .and forms a large medi- 
terranean, which we ihall now deferibe in de- 
tail, 
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tall. It confifts of the fea of Kamtfehatka, in 
which there is a confiderable ifland, called 
the ifland of Amour. Aa arm of this fea 
runs north-eaft. But, both this arm and the 
fea of Kamtfehatka may, at leaft in part, be 
formed by tlie rivers which flow into it from 
the lands of Kamtfehatka, and thofe of Tartary. 
However this matter ftands, the fea of Kamt- 
fchatka communicates, by a very lon^ flrait, 
with the fea of Corea, which is another part of 
this mediterranean ; anid the whole together, 
extending more than 600 leagues in length, is 
bounded, on the weft and north, by the lands of 
Corea and Tartary; and, on the eaft and fouth, 
by thofe of Kamtfehatka, jeflb, and Japan, 
without having any other communication with 
the ocean thaxa by the ftrait between Kamt- 
febatka and Jeflb; for it is uncertain whe- 
ther the communication*- between Japan and 
the land of Jeflb, though laid down in foine 
charts, has a real exiftence; and, even fuppofing 
it did exift, the fea of Kamtfehatka and that of 
Corea would frill be regarded as forming toge- 
ther a great mediterranean, feparated on all 
fides from the ocean, and not as a bay ; for it 
communicates not with the ocean by its fouthern 
ftrait, but with the Chinefe Sea, which is rather 
^ mediterranean than a bay. 

:*^Tn the preceding article, it was remarked, that 
the fea had a conftant motion from eaft to weft; 
^nd that, consequently, the great Pacific Ocean 
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•js making continual efforts againft the eafteru 
coafts. An accurate examination of the globe 
will confirm the conclufions we have drawn 
from this obfervation ; for it appears, that 
from Kamtfchatka to Nexv Britain, dircovere 4 
by Dampier in 1 700, and wdiiqh lies in the 4th 
or 5th degree of fouth latitude, the ocean has 
encroached on thefe coafts to the extent of 40b 
leagues; and, of courfe, that the eaftern bounds 
of the Old Continent ftretch not fo far as they 
did formerly ; for, it is scmarkable, that New 
Britain and Kamtfchatka, wdiich are the moft 
advanced lands to the call:, lie under the fiime 
meridian. Befidcs, all countries extend fartheft 
from north to fouth. Kamtfchatka makes a 
points of about 1 60 leagues from north to fouth, 
and this point, the eaftern coaft of which is 
waftied by the Pacific Ocean, and the other by 
llie mediterranean abewe deferibed, is divided 
from north to fouth by a chain of mountains. 
The lands of Japan and of Jeflb form another 
territory between the ocean and the lea of Co- 
?ea, extending from north to fouth more than 
400 leagues; and the diredfion of the chains of 
mountains in Jeflb and Japan muft be, from 
north to fouth ^ becaufe, in this diredion, they 
extend 400 leagues; but, from weft to eaft, 
they exceed not 50 nr 60. Thus, Kamtfchatka, 
Jeflb, and the eaftern part of Japan, ought to 
be confidered as contiguous lands, lying in a 
fire^ion from nprtlj to fouth ; and, follqwing 
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the fame diredion, we find, after the point of 
Cape Ava in Japan, the illand of Barnevelt, and 
three other ifiands, fituated in a line from north 
to fouth, and extending about loo leagues. 
We next meet, with three ifiands, called Calla- 
nos, and, after thefe, theLadrone iflands, to the 
number of 14 or 15, all ftretched in a line 
from north to fouth, the whole occupying a 
ipace of 300 leagues in length ; and the broad-^ 
eft part of thefe iflands, from eaft to weft, ex- 
ceeds not 8 leagues.c From thefe fads, I am 
Jed to conclude, that Kamtfchatka, Jeflb, the 
eaft part of Japan, the iflands of Barnevelt, the 
Callanos, and the Ladrones, are a continuation 
of the fame chain of mountains, and the remains 
of an ancient country, which has been gra-? 
dually corroded and covered with the fea. All 
thefe countries appear to be nothing but moun- 
tains, of which the iflands are the peaks or 
points, the low-lands being occupied by the 
ocean. Hence, what is related in the Lettres 
Edyiantes muft be true ; and, in fad, a number 
of iflands, called the New Philippines, has been 
difeovered in the very fituation in which P» 
Gobien fupppfed them to lie : and it cannot 
be doubted, that the raoft eaftcrly of thefe New 
Philippines are a continuation of the chain of 
mountains which compofe the Ladrones; for 
thefe eaftern iflands, to the number of eleven, 
a line from north, to the fouth, extend- 
ing in length more than aoo leagues; and, in 

breadth. 
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bi-eadth, the largeft of them exceeds not eight 
leagues. 

But thefe conjeilures may feem tdo bold, on 
account of the great diffances between the iflands 
in the neighbourhood of Cape Ava, of Japan, 
and of the Callanos, between thefe iflands and 
the Ladrones, and between the Ladrones and the 
New Philippines, the firft interval being about 
160 leagues, the fecond 50 or 60, and the third 
near 120. But it ought to be confidered, that 
chains of mountains often extend much farther 
below the waters of the ocean ; and that thefe 
intervals are nothing when compared to the ex- 
tent of land, from fouth to north, in thefe 
illands or mountains, which, beginning at the 
interior part of Kamtfchatka, is more than l too 
leagues. But, though this idea concerning the , 
quantity of land gained by the ocean on the 
eaftern parts of the Old Continent, and the con- 
tinuation of the mountains, fliould be rejeded, 
illll it muft be acknowledged, that Kamtfchatka, 
Jeflb, Japan, the iflands of Rois, Formofa, Vaif^ 
Bafha, Babuyane, Lucca, Mindano, Gilolo, &c, 
and, laftly. New Guinea, which extends to New 
Britain, and is fituated under the fame meridian 
as Kamtfchatka, form a ftretch of country of 
more than 2200 leagues, with fmall interrup*i 
tions, the greateft of which exceeds not, per*» 
haps, 20 leagues ; fo that the ocean has fcooped 
out art immenfe bay from the interior parts pf 
jhe caftern continent, which begins at Kamt- 
fchatka, 
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fchatka^ and terminates at New Britain. This 
bay is intcrfperfed with numerous iflands, and 
has all the appearances of being gained from 
the land. It is, therefore, probable, that the 
ocean, by its conftant motion from eaft to weft, 
has gradually gained this great trad: of country 
from the continent, and has formed feveral me- 
diterraneans, as thcic of Kamtlchatka, of Corea, 
of China;, and perhaps the wdiole Indian Archi- 
pelago; for the land and water are fo blended 
together in this region, that it evidently ap- 
pears to have been a largen) country deftfoyed by 
inundations, of which only the eminences and 
mountainous parts are now' to be lecn, the lower 
grounds being entirely concealed under the 
waters of the ocean. This hypothefis is farther 
confirmed by the fhaliownefs of the fea, and 
the figures of the innumerable iflands, which 
feem to be nothing but the tops of moun- 
tains, 

If we take a more particular furvey of thefe 
Teas, we fliall find, that the northern part of the 
Chinefe fea forms itfelf into a great bay, whici! 
begins at the ifland of Fungma, and terminates 
at the fi'onti^'s of the province of Pekioj about 
5c leagues from this capital of the Chinefe em- 
pire. The mofl advanced and narroweft part of 
this bay is called the gulf of Changi. It is pro- 
ba,ble that^this gulf, and part of the fea of Chi- 
na, are encroachments of the ocean, and that the 
iflands above dcicribed are the moll elevated 
*8 • parts 
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parts of the ancient country. Farther fouth are 
the bays of Tonquin and of Siam, in the neigh- 
bourhood of which is the peniniiila of Malacca, 
confifting of a long chain of mountains, that run 
from north to fouth ; and the Andaman iflands, 
which form another chain of mountains, in the 
fame dire£l:ion, feem to be only a continuation 
of thofe of Sumatra. 

The ocean afterwards forms the great bay of 
Bengal; where it may be remarked, that the 
land of the peninfula of Indus makes a concavd 
curve, towards the eaft, nearly refembling the 
great bay of the eaftern continent, which feems 
to have been produced by the fame caufe, name- 
ly, the motion of the fea from eaft to weft. In 
this peninfula are the mountains of Gates, w'hich 
extend from north to fouth ; and the ifland of 
Ceylon appears to have been feparated from this 
part of the continent. * 

The Maldiva iflands are only another chain of 
mountains ftretching from north to fouth; 
Then follows the Arabian gulf, which fends oil 
fbiir branches or arms; the two largeft arc on 
the weft coafts, and the two fmalleft on the 
eaft. The firft arm on the eaft coaft is the bay 
of Cambaia, which extends not above 50 or 60 
leagues'; but it receives two confiderable rivers,*, 
the Tapta and the Baroche or Mehi. The fe- 

• cond arm or bay on the fame coaft is remark- 

* able for the rapidity and height of its tides,* 
which alternately advance and retreat more than 

50 
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50 leagues. Into this hay fall feveral rivers^ as 
the Indus, the Padar, &c. which have brought 
down land and mud in fuch quantities as to ele- 
vate the bottom of the bay, and reduce it nearly 
to a perfe£t level. It is owing to this circum- 
flance that the tides extend to fo great a diftance. 
The lirft arm on the weft coaft is the Perfic 
gulf, which advances into the land above 250 
leagues; and the fecond is the Red Sea, which, 
reckoning from the ifland of Soeotora, extends 
above 680 leagues. From the ftraits Of Ormuz 
and of Babelmandel, thefe two arms fhould be 
confidered as mediterranean feas ; they are both, 
indeed, fubjedled to a flux and reflux; but this 
circumftance is occafioned by their vicinity to 
the equator, where the tides rife higher than in 
other climates. Befides, they are both very long 
and very narrow. The motion of the tides is 
more rapid in the Red*Sea than in the Perfic 
gulf; becaufe the former is nearly three times 
as long, and equally narrow, as the latter; nei* 
ther does it receive any river capable of refilling 
the tide i but the Perfic gulf receives three largfe 
rivers at its moft advanced extremity. It is ap- 
parent, that the Red Sea has been formed by an 
irruption of the ocean; for the fituation and 
fimilarity in the direction of the coafts on each 
fide of the ftraits of Babelmandel fliow, that' this 
paffage has been cut by the waters. 

At the extremity of the Red Sea lies that fa- 
mous ftrip of land called the Ifthmus of Suez, 

which 
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which is a barrier to the junflion of the Red 
Sea with the Mediterranean. In the preceding 
article, I gave the reafdns which render it pro- 
bable that the Red Sea is higher than the Me- 
diterranean, and that, if the Ifthmus were cntj 
an inundation and inci'eafe of the latter would 
be the confequence. It may here be added, 
that, though the fuperior elevation of the Red 
Sea fliould not be allowed, yet it is inconteftible, 
that there are no tides in the Mediterranean near 
the mouths of the Nile. , It is^^equally certain^ 
that the tides in the Red Sea rife feveral feet ; 
and this circumftance alone, on the fuppofition 
of the removal of the Ifthmus, would occafion 
a great influx of water from the Red Sea into 
the Mediterranean. Befides, Varenius, in his 
geography*, remarks, * Oceanus Germanicus, 
‘ qui eft Atlantic! pars, inter Frifiam et Hollan- 
‘ diam fe effundens, efE«it fmum, qui, etfi parvus 
‘ lit refpedtu celebrium finuum maris, tamen et 

* ipfe dicitur mare, alluitque Hollandim empo- 
‘ rium celebefrimum, Amftelodamum. Non 
‘•procul inde abeft lacus Harlemenlis, qui etiam 
‘ mare Harlemehle dicitur. Hujus altitudo non 
‘ eft minor altitudine ftnus illius Belgici, quem. 

* diximus, et mittit ramum ad urbem Leidam, 

* ubi in varias foflas divaricatur. Quoniam ita- 
‘ que nec lacus hie, neque finus ille Hollandici 
‘ maris inundant adjacentes agros, (de natural! 

* conftitutione loquor, ,non%bi tempeftatibus 

•Page loo. 

" VOL. I., u * urgentur, 
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* urgentur, propter quas aggeres fa£li funt ;) pa- 
‘ tet inde, quod non fint altiores quam agri Hol- 
‘ landix. At vero Oceanum Germanicum effe 

* altiorem quam terras hafce, experti funt Lei- 
‘ denfes, cum fufcepiflent, foflTam feu alveum ex 

. ‘ urbe fua ad Oceani Germanici littora, prope 

* Cattorum vicum perducere, (diftantia eft duo- 
‘ rum milliarium) ut, recepto per alveum hunc 

* marijpoflent navigationem inftituere in Ocea- 
5 num Germanicum, et hinc in varias terriE re- 
*'giones. Ven|menimvero, cum magnam jam 
‘ alvei portam perfecifleqt, defiftere coadi funt, 

* quoiiiara turn demum per obfervationem cog- 

* nitum eft, Oceani Germanici aquam efl'e altio- 

* rem qiu^m agrum inter Leidam et littus Oce- 
‘ ani iftius : tJnde locus ille, ubi fodere defie- 
‘ ^runt, dicitur Ilet tnalle Gat. Oceanus itaquc 

* 'Gevmanicus eft aliquantum altior quam fmus 
‘ ille Hollandicus,’ &c. * As the German ocean, 
therefore, is higher than the fea of Holland, no- 
thing prevents us from believing that the Red Sea 
may be higher than the Mediterranean. Hero- 
dotus and Diodorus Siculus mention a canal of 
communication between the Nile, the Mediter- 
ranean, and the Red Sea ; And M. de flfle, in 
1 704, publiflred a map, where he has laid down 
the termination of a canal in the eaft branch of 
the Nile, which he imagined to be a part of 
.j bi! canal which formerly joined that river to, 
.i®e Red Sea*. MIe meet with the fame opinion* 

See Mem. de I’ Acad. de$ Sciences^ anaee 1704* 



OF SEAS AND LAKES. J07 

in a book entitled Gonnotfance de VAnckn Monde^ 
where the author, cbpying Diodorus Sicu- 
lus, informs us, that this canal was begun by 
Neco King pf Egypt; that Darius King of Per- 
iia continued the work ; that it was finifhed by 
Ptolemy II. who eondudted it to the city of 
Arlinoa ; and that it could be fhut and opened 
at pleafure. I pretend not to deny thefe fa<Sl:s ; 
but, I confefs, they appear to be doubtful. I 
i'ul'pecl, that the violence and height of the tides 
in the Red Sea, would necelTarily communicate 
their influence to the* WIters ©f the canal : At 
leaft, it would require great precaution to pre- 
vent inundations, and to keep the canal in pro- 
per repair. Though we are told by hiftorians 
that this canal was begun and finifhed, they are 
filent as to its duration ; and the remains of it,, 
which are pretended ftill to exift, are perhaps 
the only parts of it that ever were executed. 
This branch of the ocean has been denominat- 
ed the Red Sea^ becaufe, wherever there are 
madrepores or corals at the bottom, the Water 
df it has the appearance of being red. The fol- 
lowing defeription of it is given in the Hlfloire 
Generate des Voyages^ : * Before leaving the Red 
‘ Sea, D. Jean inquired into the caufes which 
‘ induced the ancients to give it this appellation : 

‘ He recollefted, that Pliny had delivered feve- 
‘ ral opinions concerning the origin of this 
* name. Some derived it from a King of that 

f Tom. i. p, ip8. 

U a country 
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* country called Erytbros^ which, in the Greek 
‘ language, fignifies Red : Others imagined that 

* the red colour was occafioned by the refleftion 

* of the fun from the furface of the .water ; and 
‘ Others affirmed that the water itfelf was 
^ red. The Portuguefc, who had made feve- 

* ral voyages in that fea, alledged, that the 
‘ whole coaft of Arabia was remarkably red ; 

* and that the dud; and fand carried into the fea 

* by the winds tinged the water with the fame 

* colour. • 

‘ Dom Jean, who esranfined the nature of the 

* water and of the coafts, through their whole 

* extent, with the moft fcrupulous attention, af- 

* fures us, that the waters of this fea have no 
‘ pecularity in their colour ; and that the dull 

* and fand, not being red themfelves, cbuld not 

* poffibly communicate this colour to the water. 

‘ The land on each fidi, he obferves, is gene- 

* rally brown j in fome places, it is black, and, 

‘ in others, white : At Suaquem, the coafts of 
‘ which the Portuguefe never vifited, there are 
‘ three mountains ftriped with red; but they 
‘ conftft of hard rocks, and the neighbouring 
‘ ground is of the ufual colour. 

‘ The truth is, that this fea is all of the fame 
‘ uniform colour, of which any man may fatif- 
fy himfelf by drawing water from different 
Jiparts. But, it muft be acknowledged, that, in ‘ 
fome places, it appears; by accident, to be red, 

‘ and, jn others, green and white. This ph«-^^ 

‘ nomenon . 
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< nomenon admits of the following explication. 

* From Suaquem to Koflir, which is an extent of 
« 136 leagues, the fea is filled with banks and 

* rocks of coral ; they are fo called from their 

* refembling coral in form and colour fo exad:- 
‘ ly,that it is difficult to perceive the diftindion: 

‘ There are two kinds of them, the one is white, 

‘ and the other extfemely red. In many places, 

‘ they are covered with a kind of gum, or vifeid 
‘ fubftance of a green colour, and fometimes of 
‘ a deep orange. Now, rhe water of this fea is 
‘ fo tranfparent, that the bottom is vifible at the 
‘ depth of twenty fathoms, efpecially from 
‘ Suaquem to the extremity of the gulf; and 
‘ hence the water aflumes, in appearance, the co- 
‘ lour of the bodies which it covers. When, 

‘ for example, the rocks are overlaid with a 
‘ green gum, the water above them appears to 
‘ be green ; when the fiottom is fand alone, the 
‘ fuperincumbent water feems to be white ; and, 

* when the rocks are covered with coral, the 
water above them appears to be reddiffi. But, 

‘ as the rocks of this colour are more frequent 
‘ than the green or white, Dom Jean concludes, 

‘ that the Arabic Gulf has, from this circum- 

* ftance, obtained the name of the Red Sea. 

* He was the more fatisfied with this difeovery, 

* becaufe the method he employed? in the inve-- 
‘ ftigation of it left no room for hefitation or 

doubt. In fuch pl&ces as were not deep 
enough to allow his veflel to fail, he faftened 
U 3 f pinks 
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‘ pinks oppofite to the rocks ; and the failors 
^ were enabled to execute his orders, at more 
f than half a league from the rocks, without be- 
^ ing inimerfed above the middle of their bodies. 
^ In thofc places where the water appeared red, 
‘ the greateft part of the ftones and pebbles they 

* brought up were of the fame colour ; where 

* the water appeared green, the ftones were 

* green alfo; and where the water appeared 
^ white, the bottom was a pure white fand.’ 

From the entrance* to the Red Sea, at Cape 
Gardafu, to the Cape of Good Hope, the direc- 
tion of the coaft is pretty equal, and the fca 
forms no bay of any note. There is, indeed, a 
fmall fcoop on the coaft of Melinda, which, if 
the Illand of Madagafcar were united to the 
continent, might be confidered as a part of a 
large bay. This ifland, it is true, though fepa- 
rated by the ftraits of Mozambique, appears to 
have formerly belonged to the continent ; for, 
in this ftrait, there are high fands of great ex- 
tent, efpecially on the Madagafcar coaft, which 
render the open part of it very narrow. * 

From the Cape of Good Hppe to Cape 
Negro, on the weft coaft of Africa, the land lies 
in the fame direiftioji; and the whole of it 
feems to be a chain of mountains : It is, at leaft, 
a very, elevated country, and, though more than 
leagues in length, it is furnilhed with 
no rivers of any eonftderation, except one or 
two, which are known no farther than their 

mouths. 
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mouths. But th^ coaft, above Cape Negro, 
makes a large curve j and the land, along this 
curve, appears to be lower than that of the reft 
of Africa : It is watered by feveral great rivers, 
the largeft of which are the Coanza and the 
Zaire. From Cape Negro to Cape Gonfalvez, 
are the mouths of 24 confiderable rivers ; and 
the fpacc between thefe two capes, reckoning 
along the (bore, is about 420 leagues. We 
would be tempted to think, that the ocean his 
encroached on thefe low 4 ands of Africa, not by 
its natural motion frcfm eaft to weft, which could 
have no influence in producing this effedf, but 
by the facility with which it might have under- 
mined and furmounted them. From Cape Gon- 
falvez to Cape Trois-pointes, the ocean forms 
an open bay, which prelents nothing remark- 
able, except a very advanced point nearly in 
the middle of it, call<!d Cape Fortnofa : It like- 
wife contains, in the fouthern part of it, the 
iflands of Fernandpo, St. Thomas, and Prince’s 
Ifland. Thefe iflands appear to be a continua- 
tion of a chain of mountains fituated between 
Rie del Rey, and the river Jamoer. From Cape 
Trois-pointes to Cape Palmas, the ocean runs 
a little in upon the land ; and from Cape 
Palmas to Cape Tagrin, there is nothing worthy 
of remark. But, beyond Cape Tagrin, there 
is a fmall bay in the country of Sierra-Leona j 
and a little farther, there is another, in which 
are fituated the iflands of Bifagas. We after- 

u 4 wards 
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wards meet with Gape Ver 4 , which projeds far 
into the fea, and of which the iflands of the fame 
name appear to be a continuation ; or, rather, 
they feem to be a continuation of Cape Blanc, 
which is a more elevated country, and ftretches 
Hill farther into the ocean. We next come to 
a mountainous and qry coaft, which commences 
at Cape Blanc, and terminates at Cape Bajador : 
The Canary iflands feem to be a continuation of 
thefe mountains. Laftly, between Africa and 
Portugal, is a large oppn bay, in the middle of 
which are the celebrated Straits of Gibraltar. 
The ocean pours its waters, with great rapidity, 
through this ftrait into the Mediterranean. This 
fea runs into the interior parts of the land near 
900 leagues, and gives rife to many objeds 
worthy of remark. \Jl^ It has no percep- 
tible tides, except in the Gulf of Venice ; and 
a fmall flux and reflux have been alledged to 
take place at Marfeilles and on the coaft of Tri- 
poli. 2^/, It contains many large iflands, as 
Sicily, Sardinia, Corfica, Cyprus, Majorca, &c. 
and Italy, which is one of the raoft extenfive * 
peninfula’s in the world : It is likewife adorned 
with a rich Archipelago, or rather, it is from the 
Mediterranean Archipelago that all other collec- 
tions of iflands have acquired that appellation. 
But this Archipelago appears to belong more 
properly jtjp the Black Sea than to the Mediter- 
ran(^ \ and it is probable, that the country of 
Greece was partly covered with the Black Sea, 

which 
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wiiich runs into the fea of Marmora, and from 
that into the Mediterranean. 

It has been alledged, that a double current 
runs through the Straits of Gibraltar ; one fupe- 
rior, which carries the waters firom the ocean in- 
to the Mediterranean, and another inferior, 
which carries the waters from the Mediterra- 
nean back to the ocean. But this notion is falfe, 
and contrary to the known laws of hydroftatics. 
Oppofite currents have been aferibed to fe- 
ver nl other ftraits, as the.Bofphorus, the ftraits 
of Sunda, &c. j and Marfilli has related many 
experiments tending to prove the exiftence 
of a fuperior and inferior current in the Bof- 
phorus. Thefe experiments, however, muft 
have been fallacious ; for fuch a phasnomenon 
is repugnant to the nature and motion of fluids. 
Befides, Greaves, in his Pyram 'tdograpbie^ has de- 
monftrated by accurate experiments, that there 
arc no oppofite currents in the Bofphorus. Mar- 
fiili and others may have been deceived by the 
regorging of the water near the Ihores, which 
1:akes place in the Bofphorus, in the ftraits of 
Gibraltar, and in all rapid rivers, and which 
often produces a motion oppofite to that of tlie 
principal current. 

Let us now briefly run over the coafts of the 
New Continent. We fhall begin with Cape- 
Hold-with-hope, which is fituated in the 73ci 
degree of North Latitude. This is the moft 
northerly point of land in New Greenland, and 
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is diftant from Cape North in Lapland about 
i6o or i8o leagues. From this cape the coaft 
of Greenland might be traced to the polar circle, 
where the ocean forms a large ftrait between 
Iceland and Greenland. Some maintain, that 
this country in the neighbourhood of Iceland is 
not the x^ncient Greenland, formerly poflefled 
by the Danes as a dependent province. Its 
inhabitants were eivilized Chriftians, who had 
bifliops, churches, and a number of towns pro- 
portioned to their tnide. The Danes had a 
communic.ation with them*' as eafy, and as fre- 
quent, as the Spaniards with the Canary illands : 
There ftill exifts, it is faid, laws and regula- 
tions with regard to the government of this 
■ province, and thefe not of a very ancient date. 
However, without forming any conjedtures how 
this country came to be abfolutely loft, we find 
not in New Greenland tifie leaft veftige of what 
is here related. They are mere favages : They 
have no buildings ; There is not a word in their 
language that has the fmalleft affinity to the^ 
Danilli tongue ; and there is not a fingle cir- 
cumftance from which we can infer it to be the 
fame country. It is even almoft a defert, and 
is covered with fnow and ice the greateft part 
of the year. But, as thefe lands are of vaft ex- 
,|eiht, and, as the coafts have been little frequent- 
*2d by modern navigators, they may have niifl?- 
ed the place occupied by the defendants of 
thefe poliftied people; or the increafe of the ice 
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in this fea may now, perhaps, prevent all accefs 
to them. If, however, maps can be trufteci, the 
whole coaft of this country is known : It forms 
a large peninfula, at the extremity of which are 
the two flraits of Frohifher and of Friefland, 
where the cold is cxceffive, although they are 
not farther north than the Orkneys, that is, 
about 6o degrees. 

Between the weft coaft of Greenland, and 
(hat of Labrador, the ocean forms a gulf, and 
then a large mediterranc*an, which is the coldefl: 
of all feas, and its ioafts are little known. In 
purfuing this gulf, wc meet with Davis’s ftrait, 
which leads to the Cliriftian fea, which laft ter- 
minates in Baffin’s bay, through xvirkii there ap- 
pears to be an outlet into Fludfon’s bay. The 
ftrait of Cumberland, which, like that of Davis, 
may lead into the Chriftian fea, is more narrow, 
and morefubje6t to bt frozen. Hudfon’s ftrait, 
though much farther fouth, is alfo frozen for 
fome part of the year: And it is remarkable, 
that the tides are very high in thofe feas and 
‘ ftraits, although no tides take place in the inland 
feas of Europe, as the Baltic and Mediterranean. 
This difference feems to be occafioned by the 
motion of the fea from eaft to weft, which pro- 
duces high tides in ftraits oppofite to the current 
of the waters, or w'hofe mouths open to the eaft. 
But, in thofe of Europe, which open to the 
W'eft, there are no tides. The ocean, by its ge- 
neral movement, rufhes into the former, but 
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flies from the latter ; and this is the reafon why 
the tides are fo violent in the feas of China, 
Corea, and Karatfchatka. 

In failing down Hudfon’s bay towards La- 
brador, there is a narrow opening, 30 leagues of 
which Davis traverfed in 1586, and traded 
with the inhabitants. But no attempts have 
hitherto been made to difcover the whole 
of this arm of the fea. We know nothing of 
the neighbouring country, but the land of the 
Efquimaux. Fort Ponrchartrin is the only fet- 
tlement, and the moll northerly part of this 
country ; and it is feparated from the ifland of 
Newfoundland by the fmall llrait of Belleifle, 
which is little frequented. As the eaftern coaft 
of Newfoundland has the fame direction with 
that of Labrador, this ifland appears to have 
been [formerly a part of the continent, in the 
fame manner as Ifle-royaf fecms to have been 
detached from Acadia. The bottoms of the 
great bank, and of the lefler banks on which the 
cod-filhery is carried on, are not deep ; but, as 
they Ihelve a great way under water, they pro- * 
duce violent currents. Between Cape Breton 
and Newfoundland, there is a pretty large llrait, 
which is the mouth of a fmall mediterranean, 
called the Gulf cf St. Laurence. It fends off a 
branch, which extends a confiderable way into 
thj^ountry, and appears to be only the mouth 
bi^^e river of that name. . In this arm of the 
fea the tides are very perceptible j and, even at 

Quebec, ^ 
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Quebec, which is farther up the country, the 
waters rife federal feet. Leaving the gulf of St. 
Laurence, and following the coaft of Acadia, we 
meet with a fmall gulf called D(^on- Bay ^ viHxch. 
is of a fquare figure, and advances a little way 
only into the land. But, before we purfue this 
coaft any farther, it is worthy of remark, that, 
from Newfoundland to Guiana, the ocean forms 
an immenfe bay, that runs in upon the land as 
far as Florida, which is more than 500 leagues. 
This bay is fimilar to fhat of the Old Con- 
tinent above deferibed, where the ocean, af- 
ter forming a large gulf between Kamtfchatka 
and New Britain, gives rife to a great mediter- 
ranean, which comprehends the fea of Kamt- 
fchatka, of Corea, of China, &c. In the lame 
manner, in the New Continent, the ocean, after 
forming a large gulf between Newfoundland 
and Guiana, gives rife'to a great mediterranean, 
extending from the Antilles to Mexico ; which 
confirms what we have advanced concerning the 
motion of the fea from eaft to weft : For it ap- 
*pears that the ocean has gained as much territo- 
ry on the eaft coaft of America as on the eaft 
coaft of Afia. Befides, thefe great gulfs in each 
continent lie under the fame degrees of latitude, 
and are nearly of equal extent. Such Angular 
relations, it would appear, muft have been pro- 
duced by the fame caufe. 

If we examine the pofitiqn of the Antilles, 
lie^mning with the iflaud of Trinidad, which is 

the 
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the fouthmoft, it is impdffible to doubt but that 
Trinidad, Tobago, the Granades, St. Vincent 
Martinico, Marygalante, Antego, Barbadoes, 
and all the adjacent ifles, once formed a chain 
of mountains, which extended from fouth to 
north, like Newfoundland and the country of 
the Efquimaux. Farther, the diredlion of the 
Antilles from eaft to weft, if we begin with Bar- 
badoes, and pafs on to St. Bartholomy, Porto- 
Rico, St. Domingo, and Cuba, is nearly the fame 
with the coafts of Cape Breton, Acadia, and 
New England. All thefe ^flands lio. fo conti- 
guous, that they may be regarded as a continu- 
ed belt of land, and as the moft elevated parts 
of a country now occupied by the fea. Moft of 
them are nothing but the tops of mountains ; 
and the fea between them and the continent is 
a true mediterranean, in which the tides are not 
nauch more perceptible than in our Mediterra- 
nean, although the ftraits between the iflands 
are diredly oppofed to the motion of the fea 
from eaft to weft, which fliould contribute to 
raife the tides in the gulf of Mexico. But, as* 
this gulf is very broad, the waters elevated by 
the tide when expanded over a large furface, 
hardly produce any fenfible change upon the 
coaft of Louifiana and feveral other places. 

Both the Old and New Continents, therefore, 
appear to have been encroached upon by the 
ocean in the fame latitudes ; Both are furniflied 

I 
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of iflands, which likewife lie nearly in the fame 
latitudes. The only difference iSj that the Old 
Continent, being much larger* than the New, has 
a mediterranean on its weft coaft, to which the 
New Continent has nothing analogous. But 
both feem to have undergone Jimilar revolu- 
tions. Thefe revolutions are greateft near their 
middle parts, or between the tropics, where 
the motion of the fea is inoft violent. 

The coafts of Guiana, from the mouth of the 
river Oronoko to that of the Amazons, exhir 
bit nothing remarkable! But the Amazons, 
which is the largeft river in the univerfc, forms 
a confiderable fticct of water near Coropa, be- 
fore it difeharges itfelf into the fea by the 
moutlis which I'urround the ifland of Caviana. 
From the mouth of the Amazons to Cape Sr, 
Roche, the river runs almoft ftraight eaft; from 
Cape St. Roche to Cijpe St. Auguftine it runs 
fouth, and from Cape St. Auguftine to the bay 
of All Saints, it runs weftward in fuch a manner 
that this part of Brafil projedls confiderably into 
.the ocean, which is diredfly oppofite to a fimilar 
projedion of the African coaft. The bay of 
All Saints is a fmall arm of the fea, w'hich ad- 
vances about 50 leagues into the land, and is 
much frequented by navigators. From tliis bay 
to Cape St. Thomas, the coaft runs ftraight fouth, 
and from thence, in a fouth-weft diredion, to 
the mouth of the Plata, where an arm of the 
fea projeds about 1*00 leagues into the land. 
5 From 
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From this river, to the fouthern extremity of 
America, the ocean forms a large bay, which is 
terminated by Falkland Ifland, Cape Aflumption, 
and other lands bordering on Terra del Fue^. 
At the bottom of this bay is the ftrait of Magel- 
lan, the longeft in the univerfe, and where the 
tides rife very high. Beyond this is the ftrait 
of La Maire, which is much Ihorter j and, 

Cape Horn, which is the fouth point of Ame- 
rica. 

On the fubje£t of points or head-lands, it is 
remarkable, that they all rpgard the fouth, and 
that moft of them are cut by ftraits which run 
from eaft to weft. The point of South America 
''ifegards the Arctic Pole, and it is cut by the ftrait 
of Magellan : That of Greenland, which like- 
wife has a fouthern afpeft, is cut from eaft 
to weft by the ftrait of Frobifher : That of Afri- 
ca regards alfo the fouth,.and, beyond the Cape 
of Good Hope, are banks and ftioals which ap- 
pear to have been feparated from it ; That of 
the peninfula of Indfa is cut by the ftrait be- 
tween it and the illan^ of Ceylon ; and, like all * 
others, projects fouth ward. Thefe are fails; 
but we are unable to give any explication of 
them* 

From Terra del Fuego, all along the weft coaft 
of South America, the ocean makes confiderable 
at|yances into the land ; and this coaft feems to 
follow exailly the direilion of the high moun- 
tains which traverfe this part of the continent 

from 
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from fouth to north, from the Equator to the 
Ardic Pole. Near the Line, the ocean forms as 
large bay, extending from Gape St, Francois to 
Panama, that famous ifthmus, which, like that 
of Suez, prevents thejundion of the two feas. 
If thefe two necks of land were removed, both 
the Old and -the New Continent would be di- 
vided into two diftind portions. From Panama 
to California, there occurs nothing worthy of 
remark. Between the peninfula of California 
.nd New Mexico, is a tong arm of the ocean, 
called the Vermilion which is more than 200 
leagues loi 4 g. In fine, the weft cbaft of Cali- 
fornia has been traced to the q3d'degree of lapir\. 
tude. It was in this latitude that Drake, who 
firft difcovered the land to the north of Califor- 
nia, and which he called New Albion ^ vras 
obliged, by the rigour of the cold, to change his 
cburfe, and to anchor in a fmall bay which 
bears his name; lb that the countries beyond 
the 43d or '44th degree, in this part of the 
globe, are as little known as thofe of North 
America beyond the 48th degree, which is inha- 
bited by the Moozemleki, and the 51ft, which 
is inhabited by the Afliniboils. The territory of 
the former favages extends much farther weft than 
that of the latter. All beyond, for 1000 leagues 
in length, and as much in breadth, is totally, 
unknown, unlefs the Ruffians, as they pretend, 
have made forae difcoverieslby departing from 
"VaL. I. X Kamt* 



312 OF. SEAS AND LAKES, 

Kamtfchatka, and vifiting the eaftern coafts of 
North America. 

The ocean, then, furrounds the whole globe, 
without interruption, and we may fail round it 
by taking our departure from the fouth point 
of Araeiica. But we are ftill uncertain whether 
the ocean furrounds, in the fame manner, the 
north part of the globe ; and all the navigators, 
who have attempted to go from Europe to Chi- 
na by the north-eaft or north-weft, have equally 
failed in their enterprifcs. 

Lakes differ from mediterraneans; the former 
derive no water from the ocean ; on the con- 
vitsk-»y, when they communicate with feas, they 
are conftantly difcharging water into them. 
Thus the Black Sea, which fome geographers 
have regarded as a branch of the Mediterranean, 
and, of courfc, as an appendage of ^he ocean, is 
only a lake ; becaufe, in'* place of receiving any 
fupplies from the Mediterranean, its waters run 
with rapidity through the Bofphorus into the 
lake called the Sea of Marmora,- and from 
thence through the ftraits bf the Dardanelles in- 
to the Grecian Sea. The Black Sea is about 250 
leagues long, and 100 broad: It receives a num- 
ber of large rivers, as the Danube, the Nieper, 
the Don, the Boh, the Donjec, &c. The Don, 
which unites with the Donjee, before it arrives 
at the Black Sea, forms a lake called the Palus 
MeotiSf which is^paore* than 100 leagues in 
length,' and from 20 to 25 in breadth. The.^ 
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of Marmora, which is below the Black Sea, is a 
lake fmaller than the Palus Meotis, being not 
above 50 leagues long, and 8 or 9 broad. 

It is related by fomc of the ancients, and par- 
ticularly by Diodorus Siculus, that the Euxine, 
or Black Sea, was originally a great river or 
lake, and had no communication with the Greek 
Sea; but that its waters were, in the courfe of 
time, fo greatly augmented by the rivers which 
fall into it, that they forced a paffage, firft by 
the iflands of Cyane^ and then by the Helle- 
fpont. This opinion has great probability on 
its fide ; and, I 'think, it is no difficult matter tp^ 
explain how the operation was effedfed : For*' 
fuppofing the bottom of the Blaek Sea to have 
been formerly mueh lower than it is no%v, the 
mud and fand carried down by the rivers would 
gradually raile it, till the furface of the water 
was elevated above that of the land, and then 
the water would neceflarily find a paflage for 
itfelf: and, as the rivers continue ftill to tranf- 
pert fand and earth, and as, at the fame time, 
the quantity of water in the rivers diminiflies in 
proportion as the mountains from which they 
fpring are lowered, it may happen, in the courfe 
of ages, that the Bofphorus will again be filled 
tip. But, as elFedfs of this nature depend on 
.many caufes, we. muft content ourfelves with 
-fimple conje^ures. Mr. Toupjefort, on the au- 
tjwrity of the ancients, lays, that the Black Sea, 
^hiclrreceives the waters of a 'great part of Eu^ 
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rope and Afia, after being confiderably augment- 
ed, opened to itfelf a paflage by the Bofphorus, 
and either formed the Mediterranean, or in- 
creafed , its waters to fuch a degree, that they 
forced a paflage to the ocean through the ftraits 
of Gibraltar; and that the ifland of Atalantis, 
mentioned by Plato, was, on this occaflon, total- 
ly overflowed. This notion cannot be fupport- 
ed; for the ocean runs into the Mediterranean, 
and not the Mediterranean into the ocean. Be- 
fides, M. Tournefortlias not combined two ef- 
fential fads, though he Jias mentioned both of 
them. The firfl: is, that the B|ack Sea receives 
'^ 9 "‘or lo rivers, each of which furnilhes more 
water than is difeharged by the Bofphorus; and 
the fecond, that the Mediterranean does not re- 
ceive more water from rivers than the Black 
Sea, though it be feveii or eight times larger; 
and what it receives from the Bofphorus is not 
the tenth part of what falls into the Black Sea. 
How, therefore, could this tenth part of the 
water that falls into a fmall fea, produce not 
only a larger fea, but augment its waters to fuch 
a degree as would enable it to break down the 
ifthmus of Gibraltar, and overwhelm an ifland 
of grater extent thajn the whole of Europe? 

It is eafy to. perceive that M. Tournefort has 
not fulHciently confidered this matter. The 
Mediterranean derives from the ocean at leafli 
ten times the quantity of water it receives from 
the Black Sea; for the narrowed; part 

Bofphorus j[ 
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Bofphorus exceeds not 800 paces, while that of 
the ftraits of Gibraltar is more than 5000; and 
fuppofing the velocities of both to be equal, ftill 
the water in the ftraits of Gibraltar is by much 
the deepeft. 

M. Tournefort, who ridicules Polybius for 
prediding that the Bofphorus will in time be 
filled up, has not attended fufficiently to circutn- 
ftances, otherwife he would not have pronounced 
the impofllbility of fuch an event. Muft not 
the Black Sea, which cpnftantly receives the 
fand and mud of eight or ten large rivers, gra- 
dually fill up ? Muft not the winds and the na- 
tural current of the waters continually tranfport 
part of thefe matters into the Bofphorus ? It is, 
therefore, extremely probable, that, in the courfe 
of ages, the Bofphorus will be choaked up, when 
the quantity of water difcharged by the rivers 
into the Black Sea Ihall be greatly diminiihed. 
Now, the rivers are diminiflaing daily, becaufe 
the mountains, which colled: the dews, and give 
rife to the rivers, are continually decreafing. 

* The Black Sea receives more, water from ri- 
vers than the Mediterranean; and hi. Tourne- 
fort obferves, on this fubjed, ‘ That the greateft 
‘ rivers in Europe fall into this fea by means 

* of the Danube, into which are difcharged the 
‘ rivers of Suabia, Franconia, Bavaria, Auftria, 

‘ Hungary, Mosavia, Corinthia, Croathia, Both- 
^ nia; Servia, Tranfylv^nia, and Wallachia: the 
i?s;iYers of Black Ruflia and of Podolia fall like- 
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* wife into the fame fea by means of the Niefter* 

* thofe of the fouthern and eaftern parts of Po- 

* land, of the northern part of Mufcovy, and of 
^ the country of the ColTacks, fall into it, either 
^ by the Nieper or Borifthenes ; the Tanais and 
‘ the Copa empty themfelves into the Black Sea 

* by the Cimmerian Bofphorusj the rivers of 
Mingrelia, the principal of which is the Phafis, 

* alfo difcharge their contents into this fea, and 

* likewife the Cafalmac, the Sangaris, and other 

* rivers of Alia Minor which take a northern 
^ courfe; but the difcharge through the Thra- 
^ cian Bofphorus, which is the only outlet from 

* jhe Black Sea, is not comparable to that of 
any one of thefe great rivers 

All thefe fads demonftrate the great quantity 
of water carried off by evaporation ; and it is 
owing to this circumftance that.the ocean con- 
ftantly runs into the Mediterranean by the ftraits 
of Gibraltar. It is difficult to afcertaih the quan- 
tity of water received by any fea j it requires an 
exad knowledge of the breadth, depth, and ve- 
locity of all the rivers that fall into it, of thek 
augmentation and diminution in different fea- 
fons of the year, and of the quantity which the 
..^fea lofes'by evaporation, This laft is the moft 
difficult to determine; for fuppofing evapora- 
tion to be proportioned to the furfaces, it will 
be greater in a warm than im.a cold climate, 
bdes, water mixed wi^h fait and bitumen eva- 
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porates more flowly than frefh water; a fea fub- 
jed to great agitation evaporates more quickly 
than a calm fea ; and a difference in the depth 
lias alfo fome effedt. In fine, fo many particu- 
lars are included in the theory of evaporation, 
that it is not poffible to make an exad eftima- 
tion of its quantity. 

The water of the Black Sea is lefs clear and 
lefs fait than that of the ocean. There are no 
iflands in it ; and its tempefts are more violent 
and more dangerous than thofe of the ocean ; 
becaufe its waters, i}eing extended in a bafin 
which has but an inconfiderable outlet, move, 
when agitated in a kind of whirlpools, which 
beat upon all fides^ of a velfel with an infup-" 
portable violence *. 

After the Black Sea, the greateft lake in the 
world is the Cafpian Sea, which extends from 
fouth to north about 300 leagues, and its mean 
breadth exceeds not 50. This lake receives the 
Wolga, befides feveral other confiderable rivers, 
as the Kur, the Faie, and the Gerapo. But, 
'^vhat is Angular, it receives not one river from 
the eaft coaft ; the country on that fide is a fandy 
defert, which remained, till lately, .altogether 
unknown. The Czar Peter I. fent engineers to 
make a chart of the Cafpian Sea. It had been 
reprefented as round by former geographers; 
but it is very Jong and very narrow. Its eaft- 
ern coaft, and the neighbouring country, were 
* See voyages de Chardio, p. 
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entirely unknown; even Lake Aral, which !s 
about 100 leagues eaft of the Cafpian, was ei- 
ther not known to exift, or was confidered as a 
part of this fea. Thus, before the difcoveries 
of the Czar, there was in this region an un- 
known country of 300 leagues in length, and 
100 or 150 in breadth. Lake Aral is nearly 
obiong, and about 90 or 100 leagues long, and 
50 or 60 broad. It receives the Sideroias and 
the Oxus, two large rivers ; but, like the Caf- 
pian, it has no outlet for difcharging its waters; 
and, as the Cafpian receives no rivers from the 
eaft, Lake Aral, on the contrary, receives none 
from the weft. Hence, it is prefumable, that 
hefe two formerly conftit^ted but one lake; 
and the rivers being gradually choaked up, the 
country between them would neceflarily be co- 
vered with fand. There are fome fmall iflands in 
the Cafpian; and its watarsare much frelher than 
thofe of the ocean. Storms, in this fea, are ex- 
ceedingly dangerous; and it affords not navi- 
gation to large veffels, on account of llioals, 
land-banks, and rocks concealed under the fur» 
face. ■ The Igrgeft veffels employed on the 
‘ Cafpian,’ fays Pietro della Valle ‘ along the 
‘ coafts of the province of Mazanda in Perfia, 

* where ftands the town of Ferhabad, although 

* they be are no better than our tar- 

* tanes: their fides are high; they.draw little wa- 

* t^r, and are flat-bottomed. They are built of this 

f Tom. iii. p. 235. 
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* conftruftlon, not only becaufe this fea is flial- 

* low near the coafts, but becaufe it is full of 
‘ ihoals and fand-banks; fo that no other vcfTcls 
‘ could be ufed with fafety. I was furgrifed 
‘ to fee no fifliing carried on at Ferhabad, ex- 

* cept falmons at the mouth of ^Vhe river, a 
‘ bad kind of fturgeon, and other frefli water 
‘ fiflies of no value. I attributed this to their 
‘ ignorance of navigation and of the art of filh- 
‘ ing, till I was informed by the Cham of Efter- 
‘ abad, that this fea, at the diftance of 20 or 30 

* miles from the fhtjre, is fo fiiallow, that nets 
‘ could not be ufed wjth advantage; and that 

* the fame reafon accounted for the conftrudion 

‘ of their veflels, which carry no cannon, becaul^' 

* the Cafpian is not infefted with pirates.’ 

Struys, Avril, and others, affirm, that, in the 

neighbourhood of Kilan, there are two gulfs, 
which fwallow up the waters of the Cafpian, and 
carry them, by fubterraneous paffages, into the 
Perfic Gulf. De Fer, and other geographers, 
have laid down thefe gulfs in their maps, 
♦though we are aflured by the Czar’s envoys, 
that they have no exiftence*’. The fadt, with 
regard to the willow leaves found on the Perfic 
Gulf, and which are alledged by the fame au- 
thors to be tranfported from the Cafpian Sea, 
becaufe no willows grow near the Perfic Gulf, 
appears to be..3qually improbable, as the fubter- 
raneous pa-flages, whiph Gemelli Careri, as well 
* See Mem. de I’Aotid. des Sciences, annee 1721. 
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as the Rluffians, maintain to be altogether ima- 
ginary. Belides, the Calpian is about a third lefs 
than the Black Sea, which laft alfo receives more 
water by rivers ; evaporation, therefore, is alone 
fufficient to carry off all its adventitious waters, 
without the^afliftance of imaginary gulfs, or fub- 
terraneous paflages. 

There are lakes, or feas, which neither re- 
ceive nor difeharge rivers ; there are others 
which both receive and difeharge, and others 
which only receive. The Cafpian, Lake Aral, 
and the Dead Sea, are of the laft kind : In 
Afia Minor, there is a/mall lake of the fame 
fpecies: There is another^ ftill larger in Perfia, 
^'n which the jcity of Marago is fituated : It is 
of an oval figure, and about lo or 12 leagues 
long, and 6 or 7 broad : It receives the Tauris, 
which is not a very confiderable river. If to 
thefe we add a finall lakot of the fame nature in 
Greece, 12 or 15 leagues from Lepanto, we 
have an enumeration of all the known lakes in 
Afia which belong to this fpecies. In Europe, 
there is not a fingle one of any confiderationi^ 
There are feveral fmall lakes of this kind in 
Africa, as thofe which receive the rivers Ghir, 
Zez, Touguedot, and Tafilet. Thefe four 
lakes lie at no great diftance from one another, 
and are fituated on the frontiers of Barbary, 
hear the defert of Zaara. These is another in 
the province of Kovar, which receives the river 
that runs through' the coifcat y of Berdoa. fe- 

Notth 
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North America, which abounds with lakes, there 
are none of this kind, except two fmall col- 
lections of water formed by brooks, the one 
near Guatimapo, and the other fome leagues 
from Realnuevo, both in Mexico. But in Peru 
there are two contiguous lakes, one of which. 
Lake Taticaca, is very large, and receives a river 
which riles near Cufco ; but it gives rife to no 
river. There is a fmall lake in Tucuman, which 
receives the river Salta ; another, in the fame 
country, of greater extent, receives the Santiago; 
and three or four between. Tucuman and 
Chili. 

Thole lakes, which neither receive nor give 
rife to any river, are more numerous than ' 
kind juft mentioned. They are a fpecics of 
fwamps, which colled the rain water ; or, they 
may originate from fubterraneous waters that 
iflue in the form of^lprings in low grounds, 
front which there is no fall to carry them ofil 
Thtxfe rivers that overflow may alfo leave ftag- 
nating waters upon the land, which remain a 
♦confiderable time, and are occafionally recruited 
by fubfequent inundations. Salt lakes may 
fometimes be produced by inundations from the 
fea, as that at Harlem, and feveral others, in 
Holland, to which no other origin can be afcrib- 
ed. The fea, likewife, by abandoning certain 
lands, may have left lakes in the low grounds 
of particular countries, and which continue to 
be mainf^ned by tlj^ rains. Of this kind, there 

are 
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are fmall lakes in Europe, as in Ireland, in Jut- 
, land, in Italy, in the country of the Grifons, 
in Poland, in Mufcovy, in Finland, and in 
Greece : But all thefe are of little confideration. 
In Afia, near the Euphrates, in the defert of Irac, 
there is one above 15 leagues long ; another in 
Perfia, nearly of the fame extent, upon which 
are lituated the towns of Kelat, Tetuan, Vaftan, 
and Van ; a fmall one in Chorazan, near Fer- 
riorj another in Independent Tartary, called 
JLaie Levi; two in Mufeovite Tartary ; one in 
Cochinchina ; and, in fine^ a pretty large one 
not far from Nankin. This laft, however, 
communicates with the neighbouring fea by a 
'canal of confiderable extent. In Africa, there 
is a fmall lake of this fpecies in the kingdom of 
Morocco ; another near Alexandria, which ap- 
pears to have been left by the fea j another, 8 
or 10 leagues long, forn»3d by the rain-water, 
in the defert of Azarad, about the 30th degree 
of latitude j another, ftill larger, upon which is 
fituated the .town of Gaoga, under the 27th de- 
gree ; another, but much fmaller, near the town* 
of Kanum, under the 30th degree j one near the 
mouth of the river Gambia ; feveral others in 
Congo, about the 2d or 3d degree of fouth lati- 
tude ; two others in the country of the CafFres ; 
^e of them, called La^e Rufumbo^ is not very 
’rafenfive ; and the other, which li<?s in the pro- 
vince of ^rbiita, is perhaps the laVgsft of this 
kind, being about 25 leagyCs long, and 7 ^ 

8 broSti ; 
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S broad: There is likewife one of thefe lakes 
near the eaft coaft of Mad^gafcar, about the 29th 
degree of fouth latitude. 

In America, there is one of thefe lakes lituat- 
ed in the middle of the peninfula of Florida, 
which has an ifland called Serrope in its centre. 
The lake near the town of Mexico, w'hich is 
round, and about 10 leagues in diameter, belongs 
likewife to this Ipecies. There is another ftill 
more extenfive in New Spain, about 25 leagues 
from the eaftern coaft of, the bay of Campeachy ; 
and another, of fmaller dimenfions, in the fame 
country, near the coaft of the South Sea. Some 
travellers have affirmed, that, in the interior 
parts of Guiana, there is a very large lafe 01 
this fpecies, which they call Golden Lake^ or 
Lake Parhna ; and they have given marvellous 
accounts of the riches of the neighbouring coun- 
try, and of the great quantities of gold dull 
found in this lake, which they alledge to be 
more than 400 leagues in length, and above 
125 in breadth : No river, it is faid, either en- 
ters into or iflues froin it. Though this lake 
be laid down in feveraf maps, its exiftence is ftill 
problematical. 

But the moft common and the moft extenfive 
lakes are thofe which both receive and ^ive rife 
to rivers : As they are exceedingly numerous, I 
fliall only ^mtion the largeft, or the moft fe- 
marka^^pT^f them.. Beginning with Europe, 
have, ih Switzi^land, the Lake of Genev-., 

that 
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that of Conftance, &c. In Hungary, Lake Ba* 
laton, and another, of equal extent in Livonia, 
which feparates this province from Ruffia ; Lake 
Lapwert in Finland, which is very long, and 
divides into feveral branches, and Lake Oula, 
which is of a circular figure : In Mufcovy, Lake 
Ladoga, which is more than 25 leagues long, 
and above 1 2 broad ; Lake Onega, which is 
equally long, but ^ not fo broad ; Lake Ilmen ; 
Lake Belozero, which is one of the fources of the 
Wolga ; Lake Iwan-Ofcro, which is one of the 
fources of the Don ; and tW'o other lakes, from 
which the river Vitzogda derives its origin : lu 
_Jj_aphind, the lake from which iflues the river 
Kimi j another, much larger, and fituated near 
the coaft of Wardhus ; and feveral others of 
lefs note, which give rife to the rivers Lula, 
Pitha, and Uma ; In Norway, two lakes nearly 
of the fame dimenfions with thofe of Lapland : 
In Sweden, Lake Vener, which is as large as 
Lake Meller; upon which Stockholm is fituated 5 
and two lels confiderable, one near Elvfedal, and 
the other near Lincopin. 

In Siberia and in Miifcovite and Independent 
Tartary, there are a great huniber of thefe lakps, 
of which the principal are, the great lake Bara- 
ba, v|hich is more thah 100 leagues long, and 
the waters of whidh fall into the Irtisj the great 
Iake‘, Eftraguel, the , fource of tfie "Irds feveral 
iefler ones, the fources of tlfe Jen^CS pVhe great 
lake Kita, the foUrce of the Oby j another 

a dake. 
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lake, the fource of the Angara; Lake Baical, 
which is more than 70 leagues long, and is 
formed by the river Angara ; and Lake Pehu, 
the fource of the Urack, &c. In China and 
Chinefe Tartary, we have Lake Dalai, the fource 
of the great river Argus, which falls into the 
Amour ; the lake of the Three Mountains, the 
fource of the river Helum, which falls likewife 
into the Amour ; the lakes of .Cinhal, Cokmor, 
and Sorama, the fources of the river Hoamho j 
two large lakes in the neighbourhood of Nankin, 
&c. In Tonquin is the Guadag, a lake of con- 
fiderable magnitude. In India, we have Lake 
Chiamat, which is the fource of the river La- 
quia, and lies near the fources of the Ava, the 
Longenu, &c. This lake is more than 50 leagues 
long, and about 40 broad. The fource of the 
Ganges is another lake ; and one near Calh- 
mire gives fife to the Indus, &c. 

In Africa, there are Lake Gayar, aod two or 
three others, near the mouth of the Senegal ; 
Lake Guarda, Lake Sigifmus, which, toge- 
ther^make a triangular lake of 100 leagues long, 
and 75 broad, and contain a. confiderable ifland. 
It is in this lake that the Niger lofes Its name, 
and, at its exit, aflumes that of Senegal. In 
afeending towards the courfe of this river, we 
meet with another pretty large lake called Bour-, 
nou^ where tpii Niger again cjbanges its name ; 
for dite (f/br th^t f^s into this lak^ is. called 
"t^tfgbarut ;At the firorces of the Nile in Ethio- 
pia, 
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pia, is the great lake Gambia, which is above 
50 leagues long. On the coaft of Guiney are 
alfo feveral lakes, which appear to have been 
originally formed by the fea ; and there are few 
others iu Africa of any note. 

North America is the cduntry of lakes. The 
jnoft extenfive of them are. Lake Superior, which 
is about 1 25 leagues long, and 50 broad ; Lake 
Huron, which is near 100 leagues in length, and 
about 40 in breadth ; Lake Illionois, which 
comprehending the bay of Puants, is nearly as 
extenfive as Lake Huron;* Lake Erie and Lake 
Ontario, which, together, exceed 80 leagues in 
length, by 20 or 25 in breadth ; Lake Miftafin, 
to the north of Quebec, is about 50 leagues long; 
Lake Champlain, to the fouth of Quebec, is 
nearly of equal length ; Lake Alemipigon, and 
Lake Chriftinaiix, both , to the north of Lake 
Superior, are likewife coftfiderable ; the Lake of 
Afliniboils contains feveral iflands, and is 
more than 75 leagues long : Befides the Mexi- 
con Gulf, there are two confidefable lakes in 
that country ; that called Nicaragua, in the pro- 
vince of the fame name, is about 70 leagues in 
length. 

Laftly, in South America, there is a fmall 
lake, the fource of the Maragnon. A more ex- 
tenlive one gives .^rife to the river Paraguay: 
There are, befides Lake TiticareSk the waters of 
which fall, into the river Phita, tw^>(^er ones, 
which difeharge theif wa^ ipto the lame ri*^ 



QF SEAS AND LAKES. 337 

ver ; and fome incondderable ones in the inte- 
rior parts of Chili. 

All lakes that give rife to rivers, and all thofe 
which occur in the courfe of rivers, or which 
border upon and difcharge their waters into ri- 
vers, are not fait. Almoft all thofe, on the con- 
trary, which receive rivers, but give rife to none, 
are fait. This circumftance feems to favour the 
opinion, that the faltnefs of the fea is occafioned 
by falts brought down from the land by the 
rivers ; for we find fait does not evaporate ; and, 
of courfe, all that is J;ran{ported by the rivers 
remains in the fea : Although the water of ri- 
vers appears to be freih, it is well known, that 
it contains a fmall quantity of fait, which, in the 
courfe of ages, might accumulate to fuch a de- 
gree as would be fufficient to produce the pre- 
fent faltnefs of the fea, which muft be con- 
tinually augmenting. It is in this manner, I- 
prefume, that the Cafpian, Lake Aral, and the 
Black Sea, have become fait. With regard to 
thofe feas, which, like marlhes, or fwamps, riei- 
ther jKceive nor difcharge rivers, they are ei- 
ther fait or freih according to their origin. 
Thofe in the neighbourhood of the fea are com- 
monly fait ; and thofe at a diftance from it are 
freih ; becaufe the former have originated from 
inundations of theTea, and the latter frOm freih 
fountains. 

The wate|^‘!^ the Qead Sea cbntain a great deal 
-fif the^^Ehnen of nothing but 

■ y afphaltes 1 
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afphaltes ; and, accordingly, this fea is often 
termed the Afphaltic Lake, The neighbouring 
land is impregnated with this bitumen: And 
many have imagined, that, like the Lake Aver- 
nus, no fifhes could live in it, and that birds 
were fuffocated in attempting to fly over it. But 
fuch difmal effeds are produced by neither of 
thefe lakes ; for both of them contain fiflies, the 
birds fly over them in lafety, and men bathe in 
them with impunity. 

It is faid, that, in Bohemia, there is a lake, 
which has holes in it fo deep, that they cannot 
be founded, and that, from thefe holes, there 
ifliie violent winds which fweep over all Bohe- 
mia, and, in winter, raife into the air maflTes of 
ice of more than loo pounds weight*. We 
are likewife told of a petrifying lake in Iceland ; 
and Lake Neagh in Ireland poflefles the fame 
quality. But thefe petfifications are, doiibtlefs, 
nothing but incruftations fimilar to thofe pro- 
duced by the waters at Arcueil. 

* See AA. Lcipf. anno 1682, p. 346. 
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THEORY OF THE EARTH. 


ARTICLE Xir. 
Of the 'Tides, 


W ATER, like other fluids, naturally de- 
fc«nds from the higher to the lower 
grounds, if not prevented by fome interpofed 
obftade; and, after it has occupied the loweft 
fituation, it reniains fmooth and tranquil, unlefs 
ditlurBed by fome foreign caufe. All the wa- 
ters of the ocean are colle£led in the loweft 
places upon the furface of the earth j and hence 
the motions of the fea muft proceed from ex- 
ternal caufes. The chief motion is that of 
the tides, which rife and , fair alternately, and 
from which refnlts a ge^CTal at^pcrpetual mo- 
tion, in ajjt-feas, frorai ^ft to^eft. Thefe two 
riiotjpns have an in^^aijable relatiori to the mo- 

•V 2 : tions 
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tions of the moon. During the full and new 
moons, this motion from eafl: to well is mod re- 
markable, as well as that of the tides, which ebb 
and upon moll coalls, every 64^ hours ; It 
is always high tide when the moon arrives at 
the meridian, either above or below the horizon 
of the place j and it is always ebb or low tide 
when the moon is at the greatell dillance from 
the meridian, or when it rifes and fets. The 
motion from eaft to weft is perpetual; becaufe, 
when the tide is riling., the whole ocean moves 
from eaft to weft, and pufties weftward an im- 
menfe body of water ; and the ebbing, or re- 
flux, appears only to be owing to the fmaller 
<]uantity of water which is then impelled to- 
wards the weft. The flux, therefore, ought ra- 
ther to be regarded as a fvvelling, and the reflux 
as the fubfiding of the waters, which, in place 
of difturbing the motidn from eaft |o weft, is 
the caufe that produces and renders it perpetu- 
al ; though this motion, for the reafon already 
mentioned, is greater during the flux than the 
reflux. *’ *■ 

This motion is attended with the following 
circumftances : 1^, It is more fenlible at the full 
and new moon than at the quadratures ; it is 
likewife more violent in fpring and autumn than 
. in any other I'eafon ; and it is weakeft at the fol- 
ftic^i^j This phsenomenon is occalioned by the 
co^^ed attra&iop^ /p^^the mdon^ and fuo* 
jH^fTljc dire^oiti^nd'/qUailiity of tliis mqtioii 

is 
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is often varied by the winds, efpecially fuch as 
blow conftantly from the fame quarter. Great 
rivers, in like manner, by difeharging their wa- 
ter into the fea, produce currents which often 
extend feveral leagues, and are ftrongeft when 
the direction of the wind correfponds with the 
general motion. Of this an example is afforded 
in the Pacific Ocean, where the motion from 
eafl: to weft is conftant, and very perceptible. 
3^, It is worthy of remark, that, when one part 
of a fluid is moved, the motion is communicated 
to the whole : Duripg the tides, therefore, a 
great part of the ocean is fenfibly put in mo- 
tion } and, confequently, the whole ocean, from 
iiirface to bottom, is moved at the fame time. 

To render this more clear, let us attend to the 
caufes which produce the tides. We formerly 
remarked, that the moon afted upon the earth 
by a force which fbme oall attraction, and others 
gravity. This force penetrates the whole globe, 
is exactly proportioned to the quantity of mat- 
ter, and decreafes as the fquares of the diftances 
iacceafe. Let us next examine what effeCls this 
force muft produce upon the waters, when 
the moon comes to the meridian of any place. 
The furface of the water immediately under the 
moon is then nearer that planet than any other 
part of the earth ; of courfe, that part of the fea 
muft be elevated towards the moon, and the • 
fummit of this eminence muft be oppofite to the 
moon’s^ntre. To produce this eminence, the 
y 3 waters 
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waters upon the furface, a^ well as thofe at the 
bottom, contribute their ihare, in proportion to 
their diftances from the moon, which adls upon 
them in the inverfe ratio of the fquares of their 
diftances. Thus the furface of this part of the 
fea is firft elevated ; the furface of the adjacent 
parts is likewile elevated, but in a fmaller de- 
gree; and the waters at the bottom of all thefe 
parts are raifed by the fame caufe. Hence, as 
the whole portion of water under the moon is 
raifed, the waters at a diftance, upon which no 
attra&ion is exerted, muf^ neceflarily rufh for- 
ward with precipitation to fupply the place of 
thofe which are elevated, or drawn towards 
the moon. It is in this manner that the flux, 
or high tide, is produced, which is more or lefs 
Icniible on different coafls, and- which agitates 
the fea not only at the furface, but at the great- 
eft depths. The reflux,tor ebb, is a confequence 
of the natural difpofition of the water, which, 
when no longer aifted upon by the moon, fub- 
fides, and returns to occupy thofe fhores from 
which it had been forced to retire by a fo>r'“ign 
power. The fame effed: is produced jvhen the 
moon arrives at the antipode, or oppofite meri- 
dian, but for a different reafon ; In the firft cafe, 
the waters rife, becaufe they are nearer the moon 
than any other part of the globe ; and in the fe- 
^ eOnd, they rife, becaufe the moon is at the greateft 
diftartce from them. It is eafy to perceive that the 
effe<ft Hauft be the fame; for, the waters^here be- 
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ing lefs attracted than thofe of the oppofite he- 
niifphere, they will neceflarily recede, and form 
an eminence,* the higheft point of which will be 
where the attraction is leaft, that is, in the me- 
ridian oppofite to^ the moon’s ftatioti, or to the 
place where fhe was thirteen hours before. 
When the moon comes to the horizon, the tide 
is ebb, and the fea is in its natural ftate of equi- 
librium. But, when fiie is in the oppofite meri- 
dian, this equilibrium cannot exift ; for the wa- 
ters, at the place oppofite to the moon, being 
then at their great diftance from her, they are 
lefs attracted than the I'eft of the globe ; and 
hence their relative gravity, by which they arc 
conftantly kept in equilibrium, pullies them to- 
wards the point oppofite to the moon, in order 
to preferve this equilibrium. Thlis, in both 
cafes, when the moon is in the meridian of a 
place, or in the oppofite meridian, the waters 
mull be elevated nearly to the fame height ; and, 
confequently, they niuft ebb or flow back when 
the moon is in the horizon, either at her rif- 
or fetting. A motion, fuch as we have 
deferibed, neceflarily agitates the whole mafs of 
the ocean, from its furface to its bottom ; and, 
as the bottom is lefs affeCled by winds than the 
furface, the motion produced in the former, by 
the tides, is more regular and uniform'. 

From this alternate ebbing and flowing, there 
refults, as already reiparked, a conftant motion 
of from eaft to weft j for the moon, 

y 4 which 
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which is the caufe of the tidel, moves from eaft 
to weft, and, by afting fucceffively in this di- 
rection, ihe draws the waters after her. This 
motion is moft perceptible in ftraits. At the 
ftraits of Magellan, for example, the tides rife 
near 20 feet, and they continue at this height 
fix hours ; but the reflux, or ebbing, lafts only 
two hours, and the waters run to the weft*. 
This inconteftibly proves, that the reflux is not 
equal to the flux, and that, from both there re- 
fults a motion to the weft, which is ftronger dur- 
ing the flux than the reflux. It is for this rea- 
fon, that, in open feas, at great diftances from 
land, the tides are only rendered perceptible by 
this general current of the waters from eaft to 
weft. ^ 

The tides are much higher between the tro- 
pics than in any other part of the ocean. They 
likewife rife higher in places that ftretch from 
eaft to weft, in long and narrow bays, and upon 
coafts which are interrupted with iflands and 
promontories. The higheft known tides take 
place at one of the mouths of the Indus, wTierT 
they rifer 30 feet perpendicular. They have 
alfo a remarkable elevation at Malaya, in the 
ftraits of Sunda, in the Red Sea, in Nelfon’s 
bay, at the mouth of the river St. Lawrence, up- 
on the coafts of China and Japan, at Panama, in 
th? Gulf of Bengal, &c, 

^ Sec Narbprough^’s Voyages. 

The 
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The fea’s motion, from eaft to weft, is moft 
obfervable in particular places. Voyagers have 
often remarked it in failing from India to Ma- 
dagafcar and Africa. It moves alfo with confi- 
derable force in the Pacific Ocean, and between 
the Moluccas and Brazil : But it is moft violent 
in ftraits : The waters are carried from eaft to 
weft, through the ftraits of Magellan, for ex- 
ample, with fuch rapidity, that their motion is 
perceptible, at a great diftance, in the Atlantic 
ocean. It was .this circumftance, it is faid, that 
made Magellan conje^lure that a ftrait exifted 
by which there was a communication with the 
two feas. In the ftraits formed by the Manillas, 
in the channels between the Maldiva illands, and 
in the gulf of Mexico, between Cuba and Juca- 
tan, there is a conftant current from eaft to weft. 
This motion, in the gulf of Paria, is fo violent, 
that its ftrait is called ><he Dragon s Mouth. It 
is likewife violent in the fea of Canada, in that 
of Tartary, and in Waigat’s ftraits, through 
which it forces enormous mafles of ice into the 
*«sdiern feas. The Pacific ocean runs from eaft 
to weft through the ftraits of Japan ; the fea of 
Japan runs towards China ; and the Indian 
ocean runs weft ward through the ftraits of Java, 
and other iflands of India. It is, therefore, evi- 
dent, that the fea has a general and' uniform 
motion from eaft to weft; and, it is certain, that 
the Atlantic runs towards America, and that the 

Pacific 
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Pacific ocean flies from it* as is apparent at Cape 
Current between Lima and Panama*'. 

In fine, the tides rife and fall alternately in 
fix hours atid a half upon moft coafts, though 
they happen at different hours, according to the 
climate, and the pofition of particular lands. 
Thus the coafts of the fea are perpetually beat 
by the waves ; and each tide carries off from the 
, higher grounds I'mall quantities of matter, and 
depofites them, at a diftance, on the bottom of 
the ocean. In the fame manner, each tide car- 
ries in, and depofites upqn low coafts, fand, 
Ihells, and other fea-bodies, which gradually 
form horizontal ftrata^ and give rife to downs, 
and little hills, fimilar to other hills, both 
in figure and internal ftru<fture. Thus the 
fea is conftantly encroaching upon high coafts, 
and loling ground upon thofe that are low ; and 
thefe effeds are produced by the tides, and by 
violent winds. 

To give an idea of the violent effeds of a 
ftormy fea againft a high coaft, I fliall relate a 
fad attefted by an eyc-witnefs, a perfon war4bij» 
of the higheft credit. In the largeft of the Ork- 
neyjiflands, there are coafts compofed of folid 
rock, above 200 feet high, and nearly perpendi- 
cular to the furface of the water. The tides, as 
is ufual iVi illands and promontories, rife very 
at this place. But, when a violent wind 
ibncurs with the flow pf the tide, the agitation 
of the waters is fo great, that they 
•* See Varen. Gcogr. p. 119. 
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above thefe rocks, and fall down in the form of 
rain: nay, to this amazing height, gravel, and 
ftones as large as a man’s lift, are raifed from 
the foot of the rocks. 

I myfelf faw, in the port of Leghorn, where 
the fea is much more tranquil, a tempeft in De- 
cember 1731, which obliged the mariners to cut 
off the mafts of their veffels, that were driven, 
by the violence of the wind, from their anchors 
in. the road: the waters of the fea fur mounted 
fortifications of a great height ; and as 1 was 
upon one of the mqft a; 9 vanced works, before I 
could reach the town, I wal more drenohed 
with fea- water than I could have been by the 
heavieft rain. 

Thefe examples may convey a notion of the 
violence with which the fea a(fts againft particu- 
lar coafts. This conftant agitation gradually 
wears*, corrodes, excavates, and diminifties the 
quantity of the land. All thefe materials are tranf- 
ported and depofited in places where the fea is 
more tranquil. In the time of ftorms, the water is 
i&yl and muddy, by the admixture of matters 
detached from the coafts and from the bottom 
of. the fea. Thefe bodies, which arc very vari- 

* We are told by Sbaw, in his travels, that, in many parts 
Qn the coaH; of Syik and Phoenicia, the rocks had been cut, by 
the ancients, into troughs of two or three yafes long, and 
broad in proportion, for the purpofe of making fait by eva[5o- 
ration. Bur, nctwithllanding the hardnefs of the rocks, thefe 
troughs are now almoil totally obliterated by the agitation of 
ihe waicp3. 


OUS, 
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OU8, and carried from great diftances, are thrown 
upon the low fhorcs, efpecially after tempefts, 
as ambergris on the weft of Ireland, yellow am- 
ber upon the coafts of Pomerania, cocoas upon 
the coafts of India, &c. and fpmetimes pumice, 
and other fingular ftones. On this occafion, we 
may quote a paflage from the New Voyages to 
the iflands of America. ‘ When at St. Domingo,’ 
fays the author, ‘ 1 was prefented, among other 

* things, with fome light ftones, brought in by 

* the lea in high fouth winds: fome of them 

* were two and a half feet long^ 1 8 inches broad, 

* and about a fo6t "thick; and yet they weighed 

* not above five pounds. They were as white 
' * as fnow, harder than pumice, of a fine grain, 

* and appeared not to be porous. When, how- 
‘ ever, they were thrown into water, they re- 
‘ bounded like a foot-ball thrown againft the 
‘ ground. It was difficult to force them under 

* water with the hand. I inclofed two of thefe 

* ftones with thin boards, and found that they 

* bore 1 6o pounds without finking. They ferved 

* my negro for a fliallop on which he di vert- 

« ed himfelf in failing about the quay*.’ Tins* 
ftone muft have been a pumice of a clofe fine 
grain, which had been tranfported by the fea 
from the neighbourhood of fome volcano, in the. 
fame manner as ambergris, cocoas, common pu- 
mice, the feeds of plants, reeds, &c. are tranf- 
ported. It is chiefly on the coafts of Ireland 

'and. 


• Too. i. p. t6o. 
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•and of Scotland that obfervations of this kind 
have been made. The fea, bjr its general mo- 
tion from eaft to weft, ought to carry to Ame- 
rica the produdions of our coafts ; and it muft 
be by the operation of fome irregular move- 
ments, that the produdions of the Eaft and Weft 
Indies, and of the northern regions, are brought 
upon our coafts. The winds are probably the 
caufe of thefe effects. In open feas, and at great 
diftances from land, large portions of the water 
have been feen totally covered with pumice- 
ftones. They could only come from volcanos 
In iflands, or on the continent; and they have 
probably been tranfported to the open feas by 
currents. Before the fouth part of America was 
difcovered, and when it was not believed that 
the Indian ocean had any communication with 
ours, appearances of this kind firft gave rife to 
the fufpicion that fuch>a communication was not 
impoilible. 

The alternate motion of the tides, and the 
uniform motion of the fea from eaft to weft, 
'TShlbit different appearances in different cli- 
mates, according to the various indentations in 
th 6 land, and the height of the coafts. In fome 
places the motion from eaft to weft is not per- 
ceptible; at others, it moves in a contrary direc- 
tion, as on the coaft of Guinea. Butf thefe con- 
trary motions are occafioned by the winds, by 
the pofition of the land, by the waters of great 
rivetsi and by the difpofition of the bottom of 

the 
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the fea. All thefe caufes produce Ciirrentfi, 
which often change the diredlion of the general 
movement. But, as this motion from eaft to 
weft is the greateft, moft general, and conftant. 
It ought to produce the moft lignal effecftsj and 
upon the whole, the fea muft gradually gain 
ground on the weft, and lofe it on the eaft ; and 
although, upon coafts where the weft wind 
blows during the greateft part of the year, as in 
France and Britain, the iea may gain land on 
the eaft, yet thefe exceptions deftroy not the 
effe(3; of the general caufe. 
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THEORY OF THE EARTH. 


ARTICLE XIII. 

Of Inequalitiii in the Bottom of the Sea^ and of 
Currents, 

T he coafts of the fea may be divided 
into three kinds: i. High coafts com- 
pofed of hardt'focks, commonly perpendicular, 
and of a confiderable elevation, riling fome- 
tfifie's to the height of 700 or 800 feet. 2. 
Low coafts, of which fome are almoft level with 
the furface of the water, and others have a fmall 
elevation,* and are often bordered with rocks 
nearly of a level with the water, which give 
rife to breakers, and render the approabh of Ihips 
exceedingly dangerous. 3. Downs, or coafts 
formed by fand, either accumulated by the fea, 
dr brought down and depofited by rivers: thefe 

downs 
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downs form hills of more or left elevation, ac- 
cording to circumftances. 

The coafts of Italy are lined with marble and 
rocks of different fpecies. Thefe rocks ap- 
pear at a diftance like peifsendicular pillars of 
marble. The coafts of France* from Breft to 
Bourdeaux, confift almoft entirely of rocks on 
a level with the fea, which occafion breakers. 
The coafts of England, of Spain, and of many 
other places, are bordered with rocks and hard 
ftoncs, except particular fjpots which are em- 
ployed as roads and harbours. 

The depth of the water along the coaft is 
generally proportioned to their elevation ; a high 
coaft indicates a deep water j and, on low coafts, 
the water is commonly fhallow. The inequa- 
lities at the bottom of the fea hear the coafts 
likewife correfpond witli the inequalities in the 
furface of the ground aiong the ftiore. This 
fubje(fl is illuftrated in the following manner by 
a celebrated voyager. 

‘ I have made it ray general bbfervation, that, 

* where the land is fenced with ftecp rocksaAEui 
‘ cliffs againft the fea, there the fea is very deep, 

* and feldom affords anchor-ground; and, , oiV 
‘ the other fide, Where the land falls away w'ith 

* a declivity into the fea, (although the land be 

* extraor<|inary high within,} yet there are com- 
*• monly good foundings, and confequently an- 
‘ choring; and, as the vifible declivity of the 

* land appears near, or at the edge of the water, 

‘ whether 
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* whether pretty fteepj or more floping, fo we 
‘ commonly find our anchor-ground to be more 
‘ or lefs deep or fteep ; therefore we come near- 
‘ er the fhore, or anchor farther off, as we fee 
‘ convenient ; for there is no coaft in the world, 

‘ that I know, or have heard ofj where the land 
‘f is of a continual height, without fome fmall 
‘ valleys or declivities, which lie intermixed with 
‘ the high land. They are the fubfiding of val- 

* leys or low lands, that make dents in the fhore 
‘ and creeks, fmall bays und harbours, or little 
‘ coves, &c. which afford good anchoring, the 
‘ furface of the earth being there lodged deep 
‘ under water. Thuf we find many good har- 

* hours on fuch coafts, where the land bounds 
‘ the fea with fteep cliffs, by reafon of the de- 
‘ clivitics, or fubfiding of the land between theCe 
‘ cliffs : But, where the declenfion from the hills 
‘ or cliffs is not within'land, between hill and 
‘ hill, but, as on the coaft of Chili and Peru, the 
‘ declivity is toward the main fea, or into it, the 
‘ coaft being*perpendicular, or very fteep from 
‘ ‘ We ‘neighbouring hills, as in thofe countries 
‘ from the Andes, that run along the lliore, 

‘ t^^re is a deep fea, and few or no harbours or 
‘ creeks. All that coaft is too fteep for anchor- 
‘ ing, and hath the feweft roads fit for Ihips 
‘ of any coaft 1 know. The coafts of/Gallicia, 

‘ Portugal, Norway, and Newfoundland, &c. , 
‘ are coafts like the Peruviinj and the high 
‘ illands of the Archipelago; but yet not fo 
. VOL. I. _ z ‘ fcanty 
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* fcanty of good harbours; for, where there are 

* ihort ridges of land, there are good bays at 

* the extremities of thofe ridges, where they 

* plunge into the lea ; as on the coaft of Ca- 
‘ raccos, &c. The iHand of Juan Fernandez, 

* and the ifland of St. Helena, &c. are luch high 
‘ land with deep fliore : And,. in general, the 
‘ plunging of any land under water, feems to 

* be in proportion to the riling of its continuous 

* part above water, more or lefs deep ; and it 

* mud be a bottom alipoft level, or very gently 

* declining, that affords good anchoring, ftiips 

* being foon driven from their moorings on a 

* ^fteep bank ; therefore. We never drive to an- 

* chor wh||re we fee the land high, and bounding 

* the fea with deep cliffs ; and, for this reafon, 

* when we came in fight of States-Ifland, near 

* Terra del Fuego, before we entered into the 

* South-Seas, we did not'fo much as think of an- 

* choring after we faw what land it was, becaufe 

* of the deep cliffs which appeared againd the 

* fea ; yet there might be little harbours or coves 
‘ for lhallops, or the like, to anchor in, WlBCli 

* we did not fee, or fearch for. 

* As high deep cliffs bounding on the fea 

* have this ill confequence, that they feldom af- 
‘ ford anchoring ; fo they have this benefit, that 

* we carl; fee them far off, and fail clofe to them, 
\ without danger ; for which reafon we call 
‘ them bold Ihoires ; whereas low land, on the 
‘ contrary, is leeiv but a lijtle^way, and in many 

* places 


lo 
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< places we dare riot come riear It, for fear of 

* riinriirig a-ground before we fee k. Befides, 

‘ there are, in miiny places, ihoals thrown out 
‘ by the courfe of great rivers, thsit from the 

* low land fall into the feal , * , , 

‘ This which I have faid, that there is ufuUlly 

* good anchoring riear low lands; may be illuf- 
‘ trated by feveral iriftances. Thus; oii the 
‘ fouth fide of the bay of Campeachyj there is 
‘ moftly low land, and there alfo is good an- 

* choring all along ihore.; and, in fome places 

* to the eaftward of* the town of Campeachy, 

‘ we (hall have fo many fathom as we are leagues 

* off from land j that is, frbm ^ or 16 leagues 

* difiance, till you come within 4 leagues ; arid 
‘ from thence to land it grows but fhallower; 

‘ The bay of Honduras aMb is low land, and cbn» 

* tinues mofily fo, as we paffed along from thence 

* to the coafis of Portobel, and Cartagena, till 

* we came as high as Santa Martha j afterwards 

* the land is low again; till you come towards 
‘ the coaft of Caraccos; which is a high coaft 

* and hold fhore. The land about SUrinairi; oh 
V the fame coaft, is low and good anchoringj and 

* that Over on the coaft of Guiney is fuch alfo. 

* And fuch; too* is the bay of Panama^ where 

* the pilot-book orders the pilot always to found, 

* and not to come within fuch a deep^be it by . 

* night or day. In the f^me feag,.,from the high 

* land of GaUtimala irt%iexico, to California, 

* there is moftly low Jand and good anehoring. 

X 2 In 
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* In the main of Afia, the coaft of China, the 

* bay of Siam and Bengal, and all the coaft of 

* Coromandel, and the coaft about Malacca, and 

* againft it the ifland of Sumatra, on that fide, 

* are mjgftly low anchoring fhores. But, on the 

* Weft fide of Sumatra, the fhore is high and 

* bold; fo moft of the iflands lying to the 

* eaftward of Sumatra ; as the iflands Borneo, 
‘ Celebes, Gilolo, and abundance of iflands of 
‘ lefs note, lying fcattered up and down thofe 

* feas, are low land, and have good anchoring 

* about them ; with many^fhoals fcattered to and 
‘ fro among them ; but the iflands lying againft 

* the Eaft-Indian Ocean, elpecially the weft fides 
*• of them, are high land and fteep, particularly 

* the weft parts, not only of Sumatra, but alfo 

* of Java, Timor, &c. Particulars are endlefs; 

‘ but, in general, ’tis feldom but high fliores and 

* deep waters, and, on*the other fide, low land 
‘ and fliallow feas are found togetherf.’ 

It is, therefore, fully eftabliflied by the obferv- 
ations of navigators, that, there are in the bot- 
tom of the fea, confiderable mountain^ and 
other inequalities.' We are alfo alfured b^^a. 
teftimony of divers, that there are linaller ine- 
qualities occafioned by rocks, a«td that the cold 
^^reateft in the hollows or valleys. In general, 
as forme^y remarked, the depths of open feas 
augment in proportion ‘to their diftance from 
the coafts. It appeals, from M. Buache’s 
chart of that part of the ocean which lies be- 
* Daropier’s Voyages, vol. i. p. 422, 423^ <124, 425. • 

. tween • 
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tween the coafts of Africa and America, and 
from the draughts he has giveil*' us of the fea 
from Cape Tagrin to Rio-grand, that the bot- 
tom of the ocean is as irregular as the furface 
of the land ; that abrolhos, ^ere there are 
vigieSf and where fome of the rocks are on a 
level with the water, are only the tops of large 
and high mountains, of which Dolphin ifland 
is one of the moft elevated points ; that the Cape 
cle Verd illands are likewife the tops of moun- 
tains : and that all round thefe abrolhos and 
* • 

illands, the depth of tlie fea is unfathomable. 

With regard to the qualities of the different 
foils at the bottom of the fea, little can be faid 
with precifion, as all our knowledge is derived 
from founding' and from divers. We only 
know, that fome places are covered with flime 
and mud of a confiderable thicknefs, in which 
anchors can have no * hold : It is probable 
that, in thefe places, the mud is depofited by 
rivers. Other parts are covered with fand of 
different kinds, fimilar to thofe upon land. In 
dnifer^ are heaps of fliells, madrepores, corals, 
and other produdlions of infe£ls, juft beginning 
to imite and to affume the form of ftones : ;In 
others, we find fragments of ftones, gravel, and 
frequently ftones and marbles completely form- 
ed. In the Alaldiva iflands, for exainple, they 
build their houfes with a hard ft^o^ifed from 
fome fathoms under water. At Marfeilles very 
gpod marble is railed from the bottom of the 
z 3 ■ fea, 
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fea, which, inftead of wafting or deftroying 
ilones and maihle, creates and preferyes them : 
It is the fun, the earth, the air, and the rains, 
which alone corrupt and deftroy thefe fub- 
ilances. gi 

The bottom of the fea muft be compofed of 
the fame materials as the furface of tlie earth, 
lince the very fame fubftances are found on bothi 
At the bottom of fbme parts of the ocean are 
vaft colledlions of Ihells, madrepores, and corals; 
and we find^ upon ^nd, numberlefs quarries, 
banks of chalk, and of other fubftances, mixed 
with the fame Ihells, madrepores, and corals ; fo 
thatj’ in every view, the dry parts of this globe 
refemble thofe covered with the waters, both in 
compofition of materials, and in fuperficial in- 
equalities. ! 

To thefe inequalities at the bottom, we muft 
^cribe the origin of currents ; for, if the bot- 
tom were uniform and level, there could be no 
current but the general motion from eaft to 
weft, and fuch as might occafionally be pro- 
duced by the winds. But what ihconteftTBTy 
proves, that moft currents are produced 
tides, and take their direction Jroni inequalities at 
the bottom, is, that they uniformly follow the 
tides, and change their courfe at every ebb and 
'iliis fa<ft is confirmed by the teftimony 

'* Sf« Pietro delli^'’alic oa the currents in the Gulf of Cam* 
baia, Vul. vi. p. 363. * ' . 

of 
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of all navigators, who unanimoufly aihrm, that, 
in thofe places where the tides are moft impetu- 
ous, the currents are Ukewife moft rapid. 

Thus it is apparent, that the tides give rife to 
currents, and that they always follow the di- 
redrion of the oppofite hills or mountains her 
tween which they run. Currents produced by 
winds likewife obferve the direftion of the emi- 
nences -concealed under the waters ; for they 
feldom run in the direct path of the winds ; nei- 
ther do thofe produced ,by the tides invariably 
obferve the courfe pointed put by their original 
caufe. 

To give a diftinft idea of the origin of cur*- 
rents, let it be remarked, that they take place in 
all feas j that fome are rapid, and others flow j 
that fome are of great extent both in length 
and breadth, and others Ihorter and narrower ; 
that the fame caufe "by which they are pro- 
duced, whether it be the winds or the tides, 
frequently beftows on each a difference both in 
celerity and dire<ftion ; that a north wind, for 
example, which ought to produce a general mo- 
tion towards .the fouth, gives rife, on the con- 
traVy, tp a nuns^r of feparate currents, very 
different, both in their dire<ftion and extent, fome 
running fouth, others fputh-eaft, and others 
fouth- weft ; fome are rapid, others flow j fome 
long and broad, and others fliogp^nd narrow : 
In a word, their motions are fo various and 
pomhined^ that they lofe all refemblance to their 

4 - generaV 
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general caufe. When a contrary wind blows, 
pvery motion is uniformly reverfed ; and the 
courfe of the different currents is precifely the 
fame as would neceffarily take place between 
two oppofite and neighbouring hills upon the 
furface of the land, were it covered with water. 
Of this, the Maldiva and Indian iflands, where 
the winds blow and the currents run regularly 
.for fix months in opppfite diredions, afford moil 
flriking examples, The fame thing has been 
remarked of currents between fhoals and fand- 
banks. In general, all currents, from whatever 
caufe they proceed, have the fame dimenlions, 
and thfe fame diredion through their whole 
‘ pourfe ; but they differ greatly from each other 
in every refped. This uniformity and variety 
can proceed fx'oin no other caufe but the ine- 
qualities of the hills, mountains, and valleys, at 
the bottom 'of the ocean for, it is an eftablifh- 
cd fad, that the current between two iflands 
follows the diredion of the coalls; and the 
fame phrenomenon is exhibited between fhoals 
and land-banks. The hills and mountains hf 
the fea, therefore, may be confidered as the ^ 
banks which contain and direid the currentsT 
Hence a current is a river, the breadth of which 
is determined by that of the valley through 
which it runs ; its rapidity is proportioned to 
the force b^.which it is produced, combined 
with the breadthTSf the interval through which 
it paffes ; and its diredion is marked out by the 

polition ^ 
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pofition of the hills and other inequalities be-? 
tween which it fhapes its courfe. 

An opportunity is now afforded us of ex- 
plaining that fiit^ular correfpondence between 
the angles of hills and mountains, which is ob- 
fervable in #very country of the world. We 
have already remarked this uniform correfpond- 
ence of angles in the banks of rivers. The 
caufe of this effect depends on the laws of by- 
droftatics-, and might be eafily explained. But 
it is fylHcieiit for our pi;efent purpofe, .that the 
fa£t is general, and univerfally knolivn j and 
every man may fatisfy himfelf with his own 
eyes, that, when the bank of a river projedls 
into the land, to the, left, for inj^qce, the op- 
pofite bank, on the contrary, ®^kcs a projec- 
tion from the land on the right. 

The currents of the ocean, therefore, which 
ought to be regarded a§ large rivers, and as fub- 
jedl to the fame laws as thofe on land, muft, 
like them, have formed, through the whole ex- 
tent of their courfc, many finuofities or wind- 
ings with correfponding angles or projections : 
And, as the banks of currents are hills and 
mountains, either, above or below the furface 
of the water, they muft have produced on thefe 
eminences the fame effeifts as our rivers do up- 
on their banks. Thus, we have no linger any 
^■eafqn to be aftoniflied, that hills and 

mountains, whicli were formerly covered with 
the fea, and formed by the fediments of its wa- 
ters, 
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t«Jrs, fliould have aflurned, by the motion of its 
, currents, this regular figure, arifing from the 
jcorrefppndence of their opposite angles. They 
jvcre prigi.nally banks of currents, or of fea-ri- 
yers, and mufl. ncceflarily have affumed a figure 
and direction fimilar to thofe of lalSd- rivers. 

Thi^ alone, independent of the other proofs 
which we have adduced^ is fujfficient to fliowj 
that aii' our prefent continents and ifiands 
were formerly covered with the waters of the 
ocean, and throws much light on the theory 
which I have been endeavouring to eftablifh. 
It was not enough to have proved that the 
internal firata of the earth were formed by 
fediments waters that the mountains 

were elevated ’by fncceflive accumulations of 
thefe fediments ; or, that many ftrata were imr 
pregnated with Ihells and other productions of 
the fea. It was ftifi pecefTary to inveftigate and 
afiigu the real caufe of the correfpondence in 
the angles of mountains, which hitherto had 
never been attempted, but which, when united 
with the other proofs, forms a connected chain 
of evidence in fupport of my theory, as c^«- 
plete as the nature of phyfical reafonin^ will 
admit. 

The moft confpicuous Currents of the ocean 
are thofe Sej^the Atlantic near the coaft of Gui- 
ney. They extend from Cape Verd to the bay 
of Fernandpo. They run from weft to eaft, 

which 
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jl^hich is contraty to the general motion of th^ 
fea ; and they are fp rapid, that velfels fail in 
jtwo days from Moura to Rio de Benin, about 
jjo leagues, but require fix or feven weeks to 
return. It would be impoffible to clear thele 
latitudes, were it not by means of the tem- 
peftuous winds which fuddenly arife in them : 
But there^ are fometimes whole feafons in which 
the mariner is o|jliged to remain ftationary, oil 
account of perpetual calms, the fea having herO 
no motion but what it derives ff pm the currents ; 
and thefe always fun in upoll the coalls, from 
which they extend not above 20 leagues. Near 
the ifland of Sumatra, there are rapid currents^ • 
which run from fouth to north, and which have 
probably given rife to the bay» between Malacca 
and India. We find fimilar currents between 
java and the lands of Magellan,* and between 
the Cape of Good Hope and Madagafcar, efpe- 
cially bn the African coaft from Natal to , the 
Cape. In the Pacific Ocean, upon the coafis of 
Peru, and the reft of America, the waters move 
from fouth to north, which is probably owing 
to the conftant blowing of the fouth wind. The 
fame motion from fouth to north has been re- 

. • . I . 

marked on the coafts of Brafil, from Cape St. 
Auguftine to the Antilles, and from the mouth 
of the Manilla Straits to the Philippines and 

* Sec Varcn# Gcogr. p. i<|o. 
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There are violent currents in the neighbour- 
hood of the Malcliva illands ; and between thefe 
iflands, as already obfervcd, the currents run al- 
ternately in oppofite directions fix months in 
the year, and are probably oceafioned by the 
trade-winds. 

■ Wc here enumerate fuch currents only as are 
remarkable both for their extent and their rapi- 
dity j becaufe the nviti^bei^eif Jfefler currents is 
almoft infinite. Th^idcS, the%inds, and every 
caufe that agitamSi tj^e.* produce cur- 
rents, which or lel!i 'petceptihle in dif- 

ferent places. We have already remarked, that 
. the bottom of the fea is, like the land, interfered 
"Vvith mountains and valleys, Ihoals and fand- 
banks. In all the mountainous places, the cur- 
rents muft necefl'arily be violent; and, where 
the bottom is fmooth and level, they are almoft 
imperceptible ; fof the rapidity of a current muft 
augment in proportion to the obftacles with 
which the waters have to encounter. The cur- 
rent between two chains of mountains will be 
more or lefs violent in proportion to their dif- 
tance. The fame thing muft happen between two 
banks of fand, or two adjacent iflands. It is, ac- 
cordingly, remarkable, that in the Indian ocean, 
which is interfered with an innumerable quan- 
tity of iflaqds and fand-banks, there are every 
wberC curremi^r^nch, by their rapidity, rendei; 
navigation exti-emely dangerous, 


Currents 
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Currents are not only occafioned by inequa* 
llties at the bottom, but a fimilar efFe<3: is pro- 
duced by the coafts, from which the waters arc 
repelled to greater or lefs diftances. This re- 
gorging of the waters may be rendered perpe- 
tual and violent by particular circumftances : An 
oblique pofition, for example, of a coaft, its con- 
tiguity to a bay or a great river, a promontory, 
or any particular obftacle to the general move- 
ment of the waters, .will always give rife t8 a 
current : Now, as nothipg is jnore irregular than 
the bottom and the* coafts df the fea, the num- 
ber of currents which every where appear ought 
not to create furprife. 

All currents have a determinate breadth, pro- 
portioned to the interval between the two emi- 
nences which limit them. They run in the fame 
manner as land-rivei'S ; they form a channel, 
and cut their banks in a regular manner, with 
coiTefponding angles : In fine, the currents of 
the ocean have fcooped out our valleys, fliaped 
our mountains, and beftowed upon the land, 
while it remained under the furface of the wa- 
fers, the form in which it now appears. 

if any doubt flrould remain concerning the 
correfpondence in the angles of mountains, I 
appeal to the teftimony of every man’s obferva- 
tion. Every traveller may remark this corre,- 
fpondence in oppofite hills. a hill makes 

a projedlion to the right, the oppofite one uni.* 
formly recedes to the left, Befidcs, in oppofite 

hills 
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hills feparated by valleysi there is rarely any dif- 
ference in their height. The more I obfervc 
the contours and elevations of hills, I am the 
more convinced of the correfpondence of their 
angles, and of their refemblance to the channels 
and banks Of rivers. It was the repeated obfer- 
vation of this furprifing regularity and refem- 
blance that firft fuggefted the idea of the theory 
of the earth which I am now fupporting. When 
to this are added the parallelifm of the hrataj 
and the fliells fo univerfally incorporated with 
different materials, no fubje£t of this nature can 
admit of a greater degree of probability. 
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A R T I C 1 E XIV, 

Of Regular. Winds. 

t 

I N our climates, nothing can appear to be 
more capricious anjl irregular than the force 
and diredion of the winds. But there are fome 
countries where this irregularity is not fo great, 
and others the wind blows conftantly in 

the lame dire^bh, and with nearly the fame 
degree of force. 

Though the motions of the air depend on 
many caufes j yet there are fome more con-, 
ftant and powerful than others. But it is diffi- 
cult to eftimate their precife effeds, becaufe thefe 
are often modified by fecondary cajljies. 

The heat of the fun is the moft powerful 
caufe of winds : It produces a confiderable and 

■fucceffive 
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fucccflive rarefadion in the diftercnt parts of 
the atmolphere, and gives rife to an eaft-wind, 
which blows conftahtly between the Tropics, 
whete the rareflidion is greateft. 

The force of the fun’s attraftion upon the at- 
mofphere, and even that of the moon, are in- 
confiderable, when compared with the caufij 
juft mentioned; This forcej it is true, produce's 
a motion in the air fimilar to that of the tides 
in the fea : But, though the air is elaftic, and 
800 times' lighter than^ivatef, the tnotion pro- 
duced by attraction cannot exeCfed jj?^at is ex- 
cited, in the waters of the ocean b^the fame 
caufe ; for the action of gravity being propor- 
tioned to the quantity of matter, it muft elevate 
a fea of water, of air^ or of quickfilver, nearly 
to the fame height. Hence the irauence of the 
planets Upon the air muft be inconfiderable'*^; 
and, though it muft octafion a flight motion 
from eaft to weft, this motion becomes alto- 
gether inleniibie when compare^ with that pro- 
duced by the heat of the fun^^|fe as the rare- 
faction is always'greateft whence fun is in the 
zenith, the current of air muft follow the courfe 
of the fun, and produce, a cbnftant wind from 
eSift to weft. At fea,' this S^fed blows perpetu- 
ally in the Torrid Z<&e|^ahd at land, in moft 

* • Sc^]Refle£H(J^ fuf U Caufe Oeherale des Vents, par M. 

placed 
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places between the Tropics. It is this wind 
which we perceive when the fun rifes ; and, in 
general, eaft winds are more frequent, and more 
violent, than weft winds. The general wind, 
from eaft to weft, extends even beyond the 
Tropics. It blows fo conftantly in the Pacific 
ocean, that the fhips coming from Acapulco to 
the Philippines, perform their voyage, wfiich is 
more than 2700 leagues, without the leaft dan- 
ger, and almoft without the neceffity of being 
diredled. In the Atlantic, between Africa and 
Brafil, this wind is equally conftant. It is like- 
Vvife felt between the Philippines and Africa ; 
but there it is lefs conftant, on account of the 
obftacles it meets with from the numerous 
iflands in that fea; for it blows, during the 
months of Jaiiuary, February, March and April, 
between the Mozambique coaft and, India ; but 
it gives place to other jvinds during the reft of 
the year; And, though it is lefs perceptible on 
the coafts than on the open fea, and ftill lefs in 
the interior ps^ts of continents than on the 
coaftii, yet, in '0ine places, it blows almoft per- 
petually, as bh the eaft coafts of Brafil, of Loan- 
go i^ Africa, &C. 

This wind is conftant under the Line ; and, 
therefore, in going Europe to America, 
mariners direct their courfe, fouthward, along 
the coafts of Spain and Africa, till they come 
within 20 degrees of the Equator, where they 
fall in with the eaft, or trade-wind, which car- 

voL. I. ■ A a ‘ ries 



370 OF REGULAR WINDS. 

ties them directly to the coaft of America. By 
means of the fame wind, the voyage from Aca- 
pulco to the Philippines is performed, in two 
months ; but the return from the Philippines 
to Acapulco is much more difficult, and requires 
a longer time. About 28 or 30 degrees on 
this fide of the Line, the weft wind is equally 
conftant ; and, for this reafon, the veffels return- 
ing from the Weft Indies to Europe, obferve 
not the fame route as in going out. Thofe from 
New Spain run north along the coaft till they 
arrive at the Havannah, in.the illand of Cuba ; 
and from thence they proceed northward till 
they fall in with the weft wind, which carries 
them to the Azores, and then to Spain. In the 
fame manner, veffels returning by the South 
Sea from the Philippines or China^* to Peru or 
Mexico, fail north as far as Japan j and, under 
that latitude, they proceed till they arrive at a 
certain diftance from California ; and from thence, 
following the coaft of New Spain, they reach 
Acapulco. Thefe eaft winds blow not always 
from the fame point j but, in general, they blow 
from the fouth-eaft, from April to September, and 
from the north-eaft from November to Ap^^l. 

The eaft wind, by its conftant action, aug- 
ments the general motion of the fea from eaft 
to weft. It alfo produces perpetual currents. 
Tome of them running from eaft to weft, and 
others from eaft to fouth eaft, or north- weft, ac- 
cording to the diredion of the eminences, or 
‘ • chains 
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chains of mountains, below the furface : The 
valleys or intervals between them ferve as chan- 
nels to thefe fea-rivers. The variable winds 
which blow fometimes from the eaft, and 
fometimes from the fouth, likewife produce cur- 
rents, which change their diredion with that of 
the wind. 

The winds that blow conftantly for fomc 
months are comrai>nly fucceeded by contrary 
winds, which oblige the mariner to wait for 
that which is moft favoupble to his deftination. 
When thefe winds c4iange, they often produce, 
for feveral days, and fometimes for a month, or 
even two months, a perfed calm, or dreadful 
tempefts. » 

Thefe general winds, occafioned by the rare- 
fadion of the atmolphere, are varioufly com- 
bined and modified by different caufes, and in 
different climates. In that part of the Atlantic 
which lies under the Temperate Zone, the north 
wind blows almoft conftantly during the months 
of Odober, November, December, and January. 
Thefe' months, therefore, are moft favourable 
for fiiips going to the Indies, which are carried 
over '^he Line by this wind : And it is a well 
known fad, that veffels which depart from Eu- 
rope in March, frequently arrive not fooner at 
Brafil than thofe which fet out in the following 
Odober. The north wind reigns almoft perpe- 
tually, during the winter, off Nova Zembla, and 
other northern coafts. At Cape de Verd, the 
A a 2 fouth 
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Ibuth wind blows, during the month of July, 
which is the rainy feafon, or winter, in that 
climate. At the Cape of Good Hope, the north- 
weft wind blows during the month of Septem- 
ber : The fame wind blows at Patna in the Eaft 
Indies, during the months of November, De- 
cember, and January, and occalions great rains ; 
but the eaft wind prevails during the other nine 
months. In the Indian Occam, between Africa 
and India, and as far as the Molucca iftands, 
the trade-wind from eaft tb weft reigns from 
January to the beginning of June; the weft 
winds begin in Auguft or September ; and, in 
the interval between June and July, there are 
dreadful tempefts, generally from the north 
winds ; but thefe winds are more variable on 
the coafts than in the open Teas. 

In the kingdom of Guzarat, and upon the 
neighbouring coafts, the ‘north winds blow from 
March to September ; and, during the other 
months, the fouth winds almoft always prevail. 
The Dutch, in returning from Java, fet out in 
January or February, by the affiftance of the 
eaft wind, which is felt as far as the 1 8 th degree 
of fouth latitude ; and then they meet with'^Touth 
winds, which carry them to St. Helena*. 

Some regular winds are produced by the 
jmeking of the fnows. This was remarked by 
tno, ancient Greeks. During fummer, a north- 
eaft wind, and a fouth-eaft one during winter, 
* See Varen. Geogr. cap. zo. 
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was obferved to take place in Thracia, in Mace- 
donia, in the Egean Sea, and even in Egypt 
and Africa ; and winds of the fame kind have 
been remarked in Congo, at Guzarat, and at the 
extremity of Africa, which are all occaAoned by 
the melting of the fnows. Regular winds, 
which laft but a few hours, are alfo produced by 
the motion of the tides; and, in many places, as 
on the coafts of New Spain, of Congo, of Cuba, 
&c. a wind blows from the land during the 
night, and from the fea during the day. 

The north winds,are equally regular within 
the polar circles; but they become more and 
more imperceptible as we approach the Equator ; 
This remark is applicable to both poles. 

In the Atlantic and Ethiopic ocean, within 
the tropics, an eaft wind blows during the 
whole year, without any confiderable variation, 
except in fonie fmall »fpots, where it changes 
according to the fituation of coafts, and other 
circumftances ; iji^ Near the coaft of Africa, and 
about the 28th degree of north latitude, veflels 
are certain of finding a frefli gale from the 
north-eaft, or north-north-eaft, which accom- 
paniss them to the i oth degree of the fame la- 
titude, about 100 leagues from the coaft of 
Guinea; and at the 4th degree of north latitude, 
they meet with calms and tornado’s. 2^/, In 
going by the Caribbee iflands, thiy wind tumS 
more and more eafterly, in proportion as vef- 
fels approach the American coaft. 3^^, The 
A a 3 ' limits 



374 OF REGULAR WII^DS. 

limits of thefe variable winds, in the Atlantic, 
are more extenfive upon the coafts of America 
than upon thofe of Africa. Along the coaft of 
Guinea, from Sierra Leona to the ifland of St. 
Thomas, an extent of about 500 leagues, there 
is a perpetual fouth, or fouth-weft wind. The 
narroweft part of the Atlantic is from the coaft 
of Guinea to Brafil, where it is not above 500 
leagues over. Veflels, however, that depart 
from Guinea, are obliged to lhape their courfe 
fouthward, efpecially when they fet out in the 
months of July or Auguft, in order to fall in 
•with the fouth-eaft v/inds, which blow conftant- 
ly during this feafon*. 

In the Mediten'anean, the eaft wind blows 
from the land in the evening, and the weft wind 
from the fea in the morning. The fouth wind, 
which is accompanied with rain, and blows 
commonly during the letter end of autumn, at 
Paris, in Burgundy, and Champagne, yields to a 
mild north-eaft wind, which produces that fine 
weather vulgarly called Saint Martin’s Sum- 
mer f. 

Doctor Lifter alledges, that the eaft wind, 
which reigns during the whole year bet'^een 
the tropics is occafioned by ithe tranfpiration of 
the plant called the fea-lentil^ which abounds in 
thefe climates; and that the difference of land- 
isrinds is owihg to the d^erent fituation of trees 

* See Phil. Tranf. Abridg. vol. li. p, 
i See Trgite de eaux de M. Mariotte* 

and 
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and forefts. This ridiculous whim he affigns 
as the caufe of the winds ; and, in his opinion, 
the wind is ftrongeft at mid-day, becaufe the 
tranfpiration from plants is then greateft; and 
the wind, continues he, blows from eaft to weft, 
becaufe all plants are, in fome meafure, fun- 
flowers, and tranfpire moft from the fide oppo- 
fed to the fun 

Other authors have afligned the diurnal mo- 
tion of the earth as the caufe of this eaft wind. 
This* notion is fpecious : But every man, who 
has the leaft knowl^ge*of phyfics, muft allow, 
that no fluid which furrounds the earth can be 
affected by its rotation ; that the air muft move 
along with the earth itfelf; and that the rota- 
tory motion is equally imperceptible in the at- 
mofphere as on the furface of the earth. 

The principal caufe of the winds, as already 
remarked, is the heat »of the fun "I* ; for, what- 
ever rarifies or condenfes the air, muft produce 
a wind, or current, in a direction oppofite to 
thofc places where the rarefaction or condenfa- 
tion is greateft. 

The preflTure of clouds, exhalations from the 
earth, the explofion of meteors, rains, &c. like- 
wife produce con^erable agitations in the at- 
mofphere. Each of thefe caufes, when variouf- 
ly combined, produce different effeifts. As it 
is in vain to attempt a complete [theory pf the 
winds, I confine myfelf to their hiftory. 

• SeePbiJ.Tranf. No. 156. 

f See Halle^^5 Treatife on this fubjedlia the Phil/Tranf. 

A a 4 If 
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If we had a feries of obfervations upon the 
diredlion, the force, and the variations of the 
windvS in the different climates of the earth, and 
if thefe obfervations 'were fufEciently numerous 
and exa£t, we might be enabled to form more 
complete ideas with regard to the caufcs of the 
different changes in the atmofphere. 

The winds ^re more regular at fea than upon 
land ; becaufe their motion is not interrupted. 
But, upon land, the diredtion is frequently chang- 
ed by the interpofition of mountains, forefts, 
cities, and other obftacles. «.Winds are often re- 
fledled from mountains with a force nearly equal 
to that of their original current : Thefe winds 
are exceedingly irregular, becaufe their direc- 
tion depends on the contour, the height, and 
the fituation of the mountains from which they 
rebound. The fea-winds alfo blow with more 
force and uniformity, and laft longer; The 
land-winds, however violent, have intermif- 
fions, and moments of repofe : But, at fca, the 
current of the air, having no obftacles to con- 
tend with, is uniform and perpetual. * 

At fea, the eaft winds, and thofe which come 
from the Poles, are generally ftronger thaiy the 
weft winds, and thofe tha|^proceed from the 
Equator. But, at land, the fduth and weft winds 
are more or lefs violent, according to the differ- 
l^t fituatiptt of particular countries. During 
Tpilj^ and autumn, the winds, both at fea and 
• ■ are more violent than in fummer or win- 

ter^ 
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ter. For this fa£t, feveral reafons maybe affigned : 
I. In (pring and autumn the tides are higheft ; 
and, confe.quently, the winds they excite, are 
moft violent during thefe feafons : 2 . The mo- 
tion produced in the atmofphere by the adlion 
of the fun and moon, or the tides of the air, muft 
likewife be greateft about the equinoxes : 3. The 
melting of the fnows in . fpring, and the con- 
denfation of the vapours exhaled in fummer 
by the fun, and which fall down in the autumn 
in the form of rain, produce, or, at leaft, aug- 
ment the force of the winds : 4. The tranfition 
from heat to cold, or from cold to heat, muft 
create confiderable augmentation and diminu- 
tion in the volume of the air, which alone is fu£- 
ficient to raife great winds. 

Contrary currents in the atmofphere have of- 
ten been remarked. We fee fome clouds mov- 
ing in one direction, ‘and others, either above 
or below them, proceeding in a diredion per- 
fe£Uy oppolite. This contrariety of motion 
never continues long ; becaufe its general caufe is 
the I'efiftance of fome large cloud, which refle<fts 
the wind in a direction oppolite to its natural 
courfe, but is foon diffipated. 

The winds are more violent in proportion to 
the elevation of the ground, till it arrive at the 
ordinary ftation of the clouds, which is about 
one-fourth or one-third of a league perpendi- 
cular height j and, beyond thjs, the Iky is gene- 
rally ferene, efpecially in fummer, and the wind 

* gradually 
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gradually diminiflies : It is even faid to be alto- 
gether imperceptible on the tops of the higheft 
moijntains. However, as the fummits of thefe 
mountains are covered with ice and fnow, it is 
natural to think that this region of the air is 
agitated during the fall of the fnows, and that 
the winds are imperceptible in the fuinmer fea- 
fon only. The light vapours w'hich are raifcd in 
fummer fall in the form of dews ; but, in winter, 
they arc condenfed, and fall on the tops of the 
mountains in the form of fnow or ice, which 

I 

may raile confidcrable winds at that altitude. 

The celerity of a current of air is augmented 
when its paflage is contracted. The fame wind, 
which is but flightly felt in a large open plain, 
becomes violent in its progrefs through a nar- 
row pafs in a mountain, or between two high 
houfes ; and it is moll violent at the tops of the 
buildings or of the mountain, becaufe the air, 
being comprefled by thefe obftacles, is augment- 
ed both in volume and denfity ; and, as its cele- 
rity remains the fame, its force or momentum 
muO: be increafed. It is for this reafon thlit the 
wind appears to be more violent near a church 
or a tower than at a diftance from the»r. I 
have often remarked, that the wind refleCied 
from a building ftanding by itfelf, is ftronger 
than the diredl wind by which it was produced. 
Thjs effect ctm be owing to no other ciufe than 
the compreffion of the air againft the building 
from which it rebounds. 

As„ 
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As the dcnlity of the air is greateft at the 
furface of the earth, it is natural to conclude, 
that the wind muft there alfo be moll violent ; 
and this conclufion is, I apprehend, juft, when 
the Iky is ferene : But, when it is charged with 
clouds, the adlion of the wind will be moft vio- 
lent at the height of the clouds, which are denfer 
than air, as they fall in the form of rain or 
of hail. In computing the force of wind, there- 
fore, we ought to eftimate not only its velocity, 
but likewife the denlity of the air; for two 
winds, of equal velocities, may differ greatly in 
their force, if the denfities of the air be unequal. 
From this remark, we may learn the imperfec- 
tion of thofe machines which have been em- 
ployed for meafuring the velocity of the winds. 

Particular winds, whether they be diredl or 
refledted, are more violent than thofe which are 
general. The interrupted action of land-winds 
depends on the compreffion of the air, which 
renders every blaft more violent than if the cur- 
rent were uniform. A uniformly continued 
ftream of air produces not fuch havock as the 
fury of thofe winds which blow, as it were, by 
paro.'jyfms. But of this we fliall treat more fully 
in the next article. 

The winds, in their various diredions, may 
be confidered under general points of view, 
from which, perhaps. fome‘ ufeful dedu<flion's 
may be drawn. For'example, the winds may 
be divided into Zones. The call wind, which 

extends 
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extends 25 or 30 degrees on each fide of the 
Equator, exerts its force round the globe within 
'the Torrid Zone. The north wind blows with 
equal conftancy in both the Frigid Zones. Thus, 
the eaft wind occupies the Torrid Zone, and the 
north wind the Frigid Zones. With regard" to 
the Temperate Zones, the winds peculiar to 
them may be confidered only as currents of air, 
produced by the combination of the two princi- 
pal winds, which give rife to all thofe that 
come from the eaftern points; and the weft 
winds, which are common in the Temperate 
Zones, both in the Pacific and Atlantic Oceans, 
may be confidered as reflexions from the con- 
tinents of Afia and America, but deriving their 
origin principally from the eaft and north winds. 

Though we have faid, that, generally fpeak- 
ing, the eaft wind blows round the globe 25 or 
30 degrees on each fids- the Equator ; yet it 
muft be acknowledged that, in forae places, it 
extends not fo far, and that its direXion is not 
throughout from eaft to weft ; for, on this fide 
of the Equator, it is eaft-north-eaft, and, beyond 
the Equator, it is eaft-fouth-eaft ; and, the more 
we recede from the Equator, its direXion the 
more oblique. The Equator is the line under 
which the direXion of the wind from eaft to 
weft is moft exaX. In the Indian Ocean, for 
exa^Je^ the. general wind from eaft to weft ex- 
tei||pSiot above degrefcs beyond the Equator, 
Itft^oing from Goa to the Cape of Good Hope, 

this 
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this wind is not felt beyond the 1 2th degree of 
fouth latitude, nor is it perceptible on this fide 
of the Equator. But, after arriving at the 12th 
degree of fouth latitude, this wind continues 10 
the 28 th degree. In the fea which feparates 
Africa from America, there is an interval from the 
4th degree of north latitude to the loth or 1 ith 
of fouth latitude, where this general wind is not 
perceived. But, beyond the loth or nth de- 
gree, it extends to the 30th. 

There are likewife many deviations in the 
trade-winds, which ,have an alternate motion. 
Some continue for a longer or fiiorter time ; 
others have a greater or lelTer extent j others are 
more or lefs regular, and more or lefs violent. 
The following, according to Varenius, are the 
principal phsenomena of thefe winds : * In the 

* ocean between Africa and India, and as far as' 

* the Molucca iflands,»the eaft wind commences 
‘ in January, and continues to the beginning of 
‘ June. In the month of Auguft,the weft wind 
‘ begins, and continues for three or four months. 
‘ In 'the interval between thefe trade- winds^ 
‘ which is from the end of June to the begin- 
‘ niqg of Auguft, the fea is infefted with violent 
‘ tempefts from the north. 

* Thefe winds are fubjesft’to the greateft va- 
‘ nations near the coafts: Veffels cannot take 

* their departure from the coaft of Malabar, and 
/ other ports on the Jsteft coaft of the peninfula 
‘ of India, to AfricztfArabia, or Perfia, but from 

10 ' ‘ the 
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* the month of January to April or May ; for, 

* at the end of May, and during the months of 

* June, July, and Auguft, the tempefts from 
‘ the north and north-eaft are fo violent, that 

* no fhips can keep the feas. But, on the 

* other fide of this peninfula, in the fea wffich 
‘ walhes the coaft of Coromandel, there are no 

* tempefts of this kind. 

• ‘ Vefl'els depart from Java, Ceylon, and fe- 

* veral other places, for the Molucca’s in Sep- 

* tember, becaufe the weft wind begins then to 

* blow in thefe regions. JHowever, when 15 

* degrees fouth of the Equator, this wind ceafes, 
‘ and they fall in with the trade-wind, which, 

* in this place, blows from the fouth-eaft. In 
‘ the fame manner, vcflcls depart from Cochin 

* for Malacca in March j bccaufe, at this time, 

* the weft wind begins to blow. Thus the weft 
‘ winds arife at different times, in different parts 

* of the, Indian Ocean. The times of departure 

* are different from Java to the Molucca’s, from 

* Cochin to Malacca, from Malacca to China, 
‘ and from China to Japan. 

‘ At Banda, the weft winds terminate at the 

* end of March ; calm and variable winds jbccu- 

* py the month of April ; and the eaft winds 

* begin with great violence in May. At Cey- 

* Ion, the weft winds commence about the 
*• rftM l.dle of March, and continue to the beginning 
.^jpOdlober, when the e?Jl:, or rather eaft-north-. 

|aft winds, return. At Nradagafcar, they have 

* north 
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north or north-weft winds from the middle 
‘ of April to the end of May; but eaft and 
‘ fouth winds in February and March. From 
‘ Madagafcar to the Cape of Good Hope, the 
‘ northerly winds prevail during the months of 
‘ March and April. In the giilf of Bengal, af- 
‘ ter the 20th of April, the fouth winds blow 

* with violence ; and, before this period, the 
‘ fouth- weft and north-weft winds prevail. The 
‘ wefterly winds are alfo violent in the Chinefe 
‘ fca during the months of June and July. This 
‘ is, therefore, the ipoft* proper feafon for fail- 
‘ ing from China to Japan : But, in returning 

* from Japan to China, February and March are 
‘ preferable, becaufe the eafterly winds then 
‘ prevail. 

‘ There are fome winds which may be con- 
‘ lidered as peculiar to certain coafts : For ex- 

* ample, a fouth wind blows almoft perpetually 
‘ on the coafts of Chili and Peru. It begins 

* about the 46th degree of fouth latitude, and ex- 
‘ tends beyond. Panama, which makes the voy- 
‘ age ‘from Lima to Panama more eafy and ex- 
‘ peditious than the return. The wefterly winds 
‘ blo^ almoft continually on the coafts of Ma- 
‘ gellah’s land, in the neighbourhood of the 
‘ ftraits of La Maire. Upon *the Malabar coaft, 
‘ they have almoft conftantly north and north- 

* weft winds. The north wind is very frequent 

* on the coaft of Guh^.' ' The wefterly winds 

‘ reign 


7 
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‘ reign upon the coafts of Japan during the 
* months of November and December.’ 

The periodic, or alternate winds, mentioned 
above, are peculiar to the fea. But, upon land 
there are alfo periodic winds, which return at 
certain feafons or particular days, or evea-at 
ftatpd hours. On the coaft of Malabar, for ex- 
ample, an eafterly land-wind blows from Sep- 
tember to April: It generally commences at 
midnight, and ends at noon; and it is not per- 
ceptible at 12 or 15 leagues from the coaft. 
From noon to midnight, there is a gentle weft- 
erly breeze from the fea. Upon the coafts of 
New Spain in America, and upon thofe of Congo 
in Africa, land-winds blow during the night, 
and fea-winds during the day. Winds blow 
from all the coafts of Jamaica during the night, 
which prevents the landing, or failing of fhips, 
with fafety, before the r^fing of the fun. 

In winter, the port of Cjpchin is inacceffible ; 
neither can any veflel get dtit ; beca^ufe the winds 
are fo impetuous, that no veflefe can keep the 
fea ; and, befides, the weft wind, which.blows 
vith great fury, drives fuch a quan^ty of fand 
into the mouth of the river, as renders it impof- 
fible fdr (hips of any burthen td enter it^or fix 
months of the year. But the eaft wind, which 
blows during the other fix months, drives back 
.the land into the fea, and opens the mouth of 
the river. At the ftrajti of Babelmandel, there , 
is a fouth-eaft wind, is regularly fuc- 

. ceeded 
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ceeded by the north-eaft. At Saint Domingo, 
there are two different winds that rife regu- 
larly every day ; the one, which is from the fea, 
comes from the eaft, anch begins at 10 o’clock 
before noon; the other, which is a land-wind, 
ff-uiii the weft, rifes at 6 or 7 in the evening, 
and continues the whole night. Other fadis of 
this kind, colleded from voyagers of knowledge 
and credit, might furnifli a complete hiftory of 
the winds, which would be a work extreifaely 
ufeful both in navigation and phyfics. 
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ARTICLE XV, 

Of Irregular Winds ^ Hurricanes y Water-Spouts y 
and other Phanomenay occafioned by the agita- 
tions of the Seoy and of the Air, 

€• 

T he winds are mor^i^regular on the land 
than on the fea, and in high than in low 
countries. The mountains not oMy change the 
direction of the winds, but evef^^roduce'fome, 
which are either conftant or variabl^^ according 
to their caufes. The melting of fnows jen the 
topi of mountains generally give rife to con- 
ftant winds, which laft a confiderable time. 
The vapours that ftrike agajnft the mountains, 
‘and accuipulate upon them, produce variable 
winds, which are Very>»l>mmon in all climates; 
and there is as great a va^y in the motions of 

the 
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the air, as there are inecjualities on the furface 
of the earth. We can, therefore, give exam- 
ples only, and a genuine hiftory of fads : And, as 
a connected feries of obfervations upon the va- 
riations of the winds, and even of the feafons, 
m different countries, is ftill wanting, we fliall, 
not attempt to explain all the caufes of thefe va- 
riations, but fhall confine Ourfelves to thofe 
which are moft probable. 

In ftraits, at the extremities of promontories, 
peninfulas, and capes, and in all narrow bays, 
tempeftuous winds are frequent. But, indepen- 
dent of thefe, fome feas are much more infefted 
with ftorms than others. The Indian Ocean, 
the feas of Japan and of Magellan, along the 
African coaft beyond the Canaries, and the oppo- 
fite coaft near Natal, and the Red and Vermi- 
lion Seas, are all fubjeeft to tempefts. The Atlantic 
is likewife more • tem‘\)eftuou8 than the great 
ocean called the Padfic : This laft ocean, how- 
ever, is no where perfectly tranquil, except be- 
tween the Tlfdpics j for the nearer we approach 
the Poles, it is the more fubjed to variable winds, 
the fudden changes of which produce tempefts. 

AlLcontinents are fubjed to the effeds of va- 
riable winds, which are fometimes very Angu- 
lar. In the kingdom of Caflimir, which is fur- 
rounded with the mountains of Caucafus, a moft 
fudden reverfe of feafong,^felt on Mount Pire- 
penjale. In lefs thaju«n hour’s journey, we pafs 
from fttmmer to winter; A north and a fouth 
B B 2 wind. 
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wind, according to Bernier, blow perceptibly 
within 200 paces of each other. The pofition 
of this mountain muft be lingular ; and, there- 
fore, it merits a particular examination. In the 
peninfula of India, which is traverfed from north 
to fouth by the mountains of Galfe, the extrefn?! 
heats of furamer are felt on one fide of thele 
mountains, and all the rigours of winter on the 
other. The fame phsenomenon takes place on 
the two oppofite coafts of Cape Rofalgate in 
Arabia : On the north coaft the fea is calm and 
tranquil ; while the fouth coaft is infefted with 
continual ftorms. Ceylon exhibits another ex- 
ample of this phaenomenon. Winter and high 
winds reign in the north part of the ifland, 
while, on the fouth fide of it, fine weather and 
fummer heats prevail. Of oppofite feafons in 
the neighbourhood of each other, and at the 
fame time, there are fevdral examples, not only 
on the continent, but on the iflands, as at Cerem, 
a long ifland near Amboyna, in the north part 
of which it is winter, and fummii^n the fouth 
part ; and the interval between thefe two feafons 
is not above three or four leagues. 

In Egypt a fouth wind prevails during fuj^imer, 
which is fo hot '^s to ftop relpiration ; and it 
rali'es fuch immenfe quantities of fand, that the 
Iky feems to be covered with*thick clouds. This 
faWd is fo fine, and is J^wn with fuch violence, 
that it penetrates ‘the cloreft chefts. When this 
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to epidemic difeafes, which frequently cut off 
vaft numbers of men. It feldom rains in Egypt ; 
every year, however, there are fome days of rain 
in the months of December, January, and Fe- 
bruary. But thick fogs are more frequent than 
rain, efpecially in the neighbourhooxl of Cairo. 
Thefe fogs commence in November, and con- 
tinue during the winter; and, through the whole 
year, even when the fky is ferene, the dews fall 
lb copioufly, that they have all the effedls of 
rain. 

In Perfia, the wii\ter dommences in Novem- 
ber, and lafts till March. The cold is ftrong 
enough to produce ice ; and fnows fall in the 
mountains, and fometimes in the plains. From 
March to May, there are violent winds, which 
recal the warmth of fummer. From May to 
September the fky is ferene, and the heats are 
moderated during tha night , by frefh breezes 
which continue till morning; and, in autumn, 
there are violent winds, like thofe which blow 
in the fpring. However, though thefe winds are 
very ftrong, they feldom produce tempefts or 
hurricanes. But, in fummer, a very noxious 
wind blows along the Perfic Gulf, which is call- 
ed Sajhiel by the natives; it is ftill hotter and 
more terrible than that of Egypt; and, as it a£ls 
like an explofion of inflamed vapour, it fuflfo- 
cates every perfon who unhappily, falls within- 
its vortex, A ftmU^|^^Whiid.rifes in fummer 
along the Red Seay-^ich^ffocates animals, and 
B B 3 tranfports 
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tranlports fuch quantities of fand, that many 
people imagine this fea will, in the courlb 
of'time, be completely filled up» Arabia gives 
birth to frequent clouds of fand which darken 
the air, and excite dangerous whirlwinds. At 
Vera Cruz, when the hot winds blow from the 
north, the houfes of that town are almoft bu- 
ried with fand. Hot winds are alfo felt in fum- 
mer at Negapatan in India, and likewife at 
Petapouli and Mafulapatan, Thefe fcorching 
winds which kill men are fortunately of no long 
duration ; but they are extremely violent, and 
their heat and deleterious quality are propor- 
tioned to their velocity, which is contrary to 
the nature of other winds ; for the more their 
rapidity, they are the more wholefome and re- 
freihing. This difference proceeds from the de- 
gree of heat in the air. When the heat of the 
air is lefs than that of the body, the motion of 
the air is agreeable. But, when the heat of the 
air is greater than that of the bodies of animals, 
its motion fcorches and fuffocates. At Goa, the 
winter, or rather the rainy and tempeftuoUs fea- 
fon, is in the months of May, June, and July, 
and it cools and refreflies the air, which would 
otherwife be perfedUy infupportable in that re- 
gion. 

The Cape of Good Hope is famous for its 
l^pefis, and a peculiar cloud which produces 
them. This cloudf'ST'J^lfr appears like a fmall 
round fpqt in tho heavei^^hich mariners di- 

ftinguilh 
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ftlnguifli ' by the name of the Ox's Eye. The 
feeming fmallnefs of this cloud is probably ow- 
ing to its great height** Of all voyagers who 
mention this cloud, Kblbe appears to have ex- 
amined it with the greateft attention. * This 
clcJud,’ fays he ‘ which appears on the moun- 
‘ tains of the Tabky or of the Devil^ or of the 

* Wind^ is compofed, if I am not deceived, of an 
‘ infinite number of particles pulhed, in the firft 

* place, againft the mountains to the eaft of j^^ie 
‘ Cape, by the eaft wind which blow's in the 
‘ Torrid Zone during' almofi the whole year. 

* Thefe panicles or vapours are ftopped by the 

* high mountains, and are colle£ted on their 
‘ eaft fide. They then become vifible in the* 

* form of fmall fragments of clouds, which, by 
‘ the conftant action of the eaft wind, are ele- 

* vated to the tops of the mountains. Here 

* they remain not long at reft ; but, being forced 

* to advance, they fink down between the 
‘ mountains which are ftill before them, where 
‘ they -are locked up and fqueezed on all fides 

* asi'in a canal. The wind prefles thefe vapours 

* from above, and the oppofite fides of the tw'o 

* mountains confine them on the right and left, 

‘ till, in their progrefs, they advance to the foot 

* of fome mountains where the country is more 
‘ flat and open ; they then expand, and become 

* again invifible. But they are ’loon puthed 

* againft another ri|^^^''^!^^ountains by frefh 

i; pf Z24. 

B B 4 
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‘ clouds coming up behind them ; and in this 
‘ manner they proceed till they, arrive with vaft 
‘ impetuofity at the tpp qf the higheft moun- 

* tains of the Cape, siWiich are thofe of the 

* Wind ox oi \ht l‘able^ where they are met by a 

* wind blowing in the very oppofite direftiom 

* Here a dreadful confli^k enfues. . The vapours 

* are preffed both before and behind, which pro- 
‘ duces terrible whirlwinds, either on the moun- 

* ^ains of the Tablet or in the valleys. When the 

* north- weft wind yields that of the fouth-eaft 

* increafes, and continues tq blow with more or 

* left violence for fix months. When the Ox*s 

* Eye is thick, the force of the fouth-eaft wind 

* augments, becaufe the vapours amafled behind 

* the mountains continually prefs forward ; for 

* the fame reafon, .this Wind diminilhes when 

* the Ox's Eye is thin ; and it entirely ceafes 

* when the Ox's Eye vaniihes, becaufe no va-* 

* pours arrive from the eaft. 

‘ The circumftances attending this phajno- 

* menon lead to the following hypothefts : 

* I. Behind the mountain of the Tables a train 

* of thin white vapour is pbferved, which com- 

* mencqs on the eaftern d^livity of this i^oun- 

* tain, ends in a iharp point at the fea, and occu- 

* pies, in its es^tent, the whole mountains of 

* Stone, I have often contemplated this train, 

* -and imagined it to originate from the rapid 

* motion of the vof<113?>a|jove defcribed, from 

* the mountains of ..S/pw tplltei'fe bf the Table. 

*a.Tbe. 
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* 2. The paflage of thefe vapours muft be ex- 

* treraely ensbarrafled by the contrary fliocks 
‘ received, not only from the mountains, but 
‘ from the fouth and eaft winds which prevail 
‘ in the neighbourhood .of the Gape. I have al- 
‘*ready mentioned the two mountains fituated 
‘ on the points of Falfe Bay^ the one called the 
‘ Hanging Lip^ the other the Norvege. When 
‘ the particles or vapours, which I have conjec- 
‘ tured, are pufhed againft thefe mountains by 
‘ the eaft winds, they are repelled by the fouth 
‘ winds and driven .againft the neighbouring 
‘ mountains, where they are detained for fome 

* time, and appear like clouds, as they often do 

* upon the mountains ofFalfe Bay^ and even be- 
‘ yond them. Thefe clouds are frequently very 
‘ thick above the land in the pofleflion of the 

* Dutch, upon the mountains of Stellenbofck^ of 
‘ Drakenjiein, and of Stone^ but efpecially. upon 
‘ the mountains of the Table and of the Devil, 

* Laftly, The conftant appearance of fmall 

* black clouds upon the Lion's Head two or three 
‘ days before the fouth-eaft wind blows, confirms 

* me in my conjecture j for thefe clouds, in my 

* opinion, are compofed of the particles or vapour 

* mentioned above. If the north-weft wind pre- 

* vails when thefe particles arrive, their courfe 

* is flopped i but they are never driven to any 
‘ great diftance till the fbuth-eaft’ wind com-' 

* mences,; 

The navigators wKckJi^Spproached the Cape 
of Good Hope, were i;^ii&fant of the effects of 

thefe 
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thefe clouds, which feemed to arife flowly and 
without any agitation in the air, but which, in 
a moment, excite the moft furious teiripefts, and 
precipitate the largeft veflels to the bottom of 
the ocean. In the country*of Natal, a cloud, li- 
milar to the Ox’s Eye at the Cape, produces the 
fame direful effeds. Thefe fpecies of tempefts 
are frequent in the Atlantic, efpecially in the 
neighbourhood of the Equator. Near the coaft 
of Guiney, three or four of thefe ftorms fome- 
times happen in a day, which are likewife occa- 
lioned and announced by fmall black clouds, 
while the reft of the Iky is generally ferene, 
and the fea perfectly calm. It is principally in 
April, May, and June, that thefe furious ftorms 
arife along the coaft of Guiney, becaufe no re- 
gular winds blow there at that feafon. On the 
coaft of Loango, the ftorniy fealbn is in the 
months of January, Febrtiary, March, and April. 
At Cape Gardafu, on the other fide of Africa, 
they have ftorms of this kind in May, and 
the clouds which produce them are generally 
in the north, like thofe of the Cape oTGood 
Hope. 

All thefe ftorms originate from winds, which 

iflue from a cloud ; and their diredlion is from 
< * 

north to fouth, or from north-eaft to fouth-weft, 
&c. But there are tempefts of another kind, 
called Whirlwinds, whic h are ftill more Violent, 
and in which the X^^fnd Teems to blow frbm every 
quarter at onCe. Their Motion is circular, 
and nothing can refift their fury. They are 

generally. 
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generally preceded by a dead calm ; but, in an 
inftant, the waves are elevated to the clouds by 
the fury of the winds. Some parts of the fea 
cannot be approached j hecaufe they are perpe- 
tually infefted either with calms or whirlwinds. 
Thefe places have been called calms and torna- 
dos by the Spaniards. The moft confiderable 
of them are near Guiney, about the 2d or 3d 
degree of north latitude. They extend about 
300 or 350 leagues in length, and nearly as 
much in breadth, which includes a fpace of more 
than 100,000 fquar« lea'gues. 

When contrary winds arrive at the fame time 
in the fame place, they produce whirlwinds, 
by the oppofite motion of the air, in the fame 
manner as whirlpools are produced in the lea 
by contrary currents. But when thefe oppo- 
fite winds are counterbalanced by their diftant 
adtion upon each othet, they then revolve in a 
great circle, and produce a perfedt calm, which 
it is impolTible for veffels to navigate. Thefe 
places are all marked in the globes of Mr. Se- 
nex.^ I am inclined to think, that the contrariety 
of winds alone, if not affifted by the direc- 
tion of the coaft, and the particular ftrudlure 
of the bottom of the fea in thefe places, could 
not produce this effed. I imagine that the cur- 
rents, which are in effeft occafioned by the 
winds, but aflume their diredibn from tlie 
figure of the coalls arid thMnequalities at the 
2 bottom, 
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bottom, terminate in thefe places ; and that thdr 
oppofite motions, in a plain furrounded with a 
chain of mountains, give rife to the tornados in 
queftion. 

Whirlpools feem to be nothing elfe but cir- 
cular motions of the waters occafioned by t{ie 
action of two or more oppofite currents. The 
Euripus, fo famed by the death of Ariftotle, al- 
ternately abforbs and rejeds the water feven 
times every 24 hours. This whirlpool is near 
the coaft of Greece. Charybdis, which lies near 
the ftraits of Sicily, rejeds^and abforbs the w'a- 
ter thrice in 24 hours. We are uncertain as to 
the number of alternate motions in other whirl- 
* pools. Dr. Placentia informs us, that the mo- 
tions of the Euripus are irregular for 18 or 19 
days every month, and regular during the other 
1 1 ; and that it feldom fwells above one, or at 
moft two feet, He farther informs us, that au- 
thors are not agreed as to the tides in the Eu- 
ripus ; that fome fay it is twice, others feven 
times, fome ii, others 12 or 14 times in 24 
hours j but that Loirius, who examined k at- 
tentively, found that the tides rofe regularly 
every fix hours, and that their motion was fuffi-' 
cient to turn a mill-wheel. 

largeft knmVn whirlpool is in the fea of 
^toway, the circumference of which exceeds 
20 leagues. -It abforbs, for fix hours, water, 
iijvhales, lliips, and.a«y thing that approaches it, 

and 
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and the next fix hours are employed in throw- 
ing them up again. 

To account for thefe whirlpools, it is unne- 
celfary to have recourfe to an abyfs, or to pits in 
the bottom of the fea, which are perpetually 
fwallowing the waters. It is well known, that, 
when water runs in two diredfions, the combi- 
nation of thefe motions produces a whirling, and 
exhibits the appearance of a void fpace in the 
middle. In the fame manner, whirlpools in the 
fea are occafioned by two or more contrary cur- 
rents, and, as the tidss are the principal caufe of 
currents, and, of courfe, they run for fix hours 
in contrary diredlions, it is not furprifing, that 
the whirlpools which are produced by them fhould 
alternately rejedt and abforb every thing within 
their reach during the fame portion of time. 

Whirlpools, then, are occafioned by contrary 
currents, and whirlwinds by the conflidt of 
contrary winds. Thefe whirlwinds are com- 
mon in the Chinefe and Japanefe feas, near the 
Antilles, and in many other places of the ocean, 
particularly in the neighbourhood of prominent 
coafts. But they are ftill more frequent upon 
land ; and their effedts are fometimes prodigious. 

* I have feen,’ fays Bellarmin *, ‘ an enormous 

* ditch fcqoped out by the wind, tranfported in 

* the air, and dropped upon a village, which was 

* for ever buried under this load of earth.’ A 
detail of the effedts of feverai 4 *urricanes may be 

* De Afeenfu Mentis in Deum. 


feen 
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feen in the Hiftory of the French Academy, and 
in the Philofophical Tranfaclions, which would 
appear altogether inconceivable, if they were not 
attefted by intelligent and credible lpe£l;ators. 

The fame obfervation may be made with re- 
gard to water-Ipouts, which the mariner never 
beholds without terror and amazement. They 
are common on certain coafts of the Mediter- 
ranean, efpecially when the weather is cloudy, 
and the wind blows from feveral quarters at the 
fame time. They are more frequent near the 
coafts of Laodicea, of 'Grqcgo, and of Carmel, 
than in any other part of the Mediterranean. 
Moft of them arc large cylinders of water which 
fall from the clouds, though, at a diftance, the 
water appears to rife up from the fea to the 
clouds’*^. 

But there are two fpecies of water-lpouts ; 
the firft is that we have-juft mentioned, and is 
nothing but a thick cloud cOmprefled, and fur- 
rounded by oppofite winds blowing from dif- 
ferent quarters at the fame time, which make it 
aflume a cylindric figure, and fall down 'by its 
own gravity. The quantity of water is fp im- 
menfe, and the rapidity of the fall fo great, that 
if, unfortunately, one of thefe fpouts break upon 
a (liip, it is daftied to pieces, and finks in an 
inftant. It is alledged, and with probability, 
JIat water-fpouts may be broken and diflipated 
y the commotiow' excited in the air by the 

• See Shaw’s Travels. 


firing 
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firing of cannons, which correfponds with the 
difllpation of thunder-clouds by the ringing of 
bells. 

The other fpecies of water-Ipout is called a 
typhon^ and is very frequent in the Chinefe Sea. 
The typhon defcends not from the clouds, nor 
is it produced by the adion of oppofite winds. 
On the contrary, it rifes from the water to the 
heavens with fpaazing rapidity. Whirlwinds 
often run along confiderable trads, bearing 
down houfes, trees, and every obftaclc that they 
meet with, But tyjjhoift remain always in the 
fame placeSj and can be owing to nothing but 
fubterraneous fires ; for the fea is then in the 
greateft agitation, and the air is fo impregnated 
with fulphureous exhalations, that the fky ap- 
pears to be covered with a copper- coloured cruft, 
although there be no clouds, and the I’uii or the 
ftars appear through the vapour. It is to thefe 
fubterranean fires that w^e muft afcribe the 
warmth of th^p^hinefe Sea in winter, where 
thefe typhous frequent*. 

Thevenot, in his voyage to the eaft, gives 
the following account of water-fpouts : ‘ We faw 
» ‘ water-fpouts in the Perfic gulf, between the 
‘ iflan'ds of Quefilmo, Lareca, and Ormutz. Few 
* have had the opportunity ’of obferving, and 
‘ fewer ftill have paid the attention to watery 
‘ fpouts, that I have done. I ihall defcribe them 

* See Ad» erud. Lipf. fuppleA." tom. i. p. 405* 

* with 
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‘ with perfpicuity and fimplicity, in order to 

* render my account the more intelligible. 

* The firft that we faw, was on the north fide 
‘ between us and the ifland of Quefomo, about 
‘ a gun-fhot from our Ihip. In this place, we 

* faw the water begin to boil, and to be raifed 

* about a foot above the furface : It was whitifli, 

* and the top of it appeared like black fmoke ; 

* It made a kind of whifperin^oife, like a tor- 

* rent rulliing down with violence into a deep 

* valley. This noife was mingled with another 

* that refembled the hiflingrof ferpetliii A little 

* afterwards, we faw an obfcure canal or pipe^ 

* which refembled fmoke rifing to the “clouds, 

* and revolved with confiderable velocity : This 

* pipe was about the fize of a man’s finger ; and 

* the fame noife continued. It then vaniflied, 

* having continued in all about a quarter of an , 

* hour. We then perceived another on the 

* fouth, which began in the fame manner as the 
‘ former : Immediately a thii!^: 3 ^^ng up to the 

* weft, and then a fourth lik^pfe to the weftj 

* the moft diftant from us not exceeding a mfifket- 

* fliot. Each of them appeared like heaps of 

* fmoking ftraw, and were accompanied with \ 

* the fame noife as the firft. ■ %re next perceiv-t 

* ed jl^ree pipes, dr canals, extending from the 

* wa^ to the clouds, where each of them ter- 
piji^ted like the mouth of a funnel or trum- 

or like the <paps of an animal drawn per- 

* pendicularly downward, by 'a weight. Thcfe 

‘ pipes 
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* pipes were of a dark white colour, which I 

* imagined to be owing to the water they con- 

* tained ; for the pipes appeared to be formed 
‘ before they were filled with the water, and 
‘ they difappeared when they were empty j in 
^ the fame manner as a cylinder of clear glals, 
‘ when held up in the light at a diftance from 
‘ the eye, ‘is not vifible, unlefs it be filled, with 
‘ fome coloured liquor. Thefe pipes were not 
‘ ftraight, but bent in fome places : They were 

* not even perpendicular j on the contrary, from 
‘ the clouds into wliich they were ingrafted, to 
‘ the places from which they extracted the wa- 
‘ ter, they were very much inclined. And, 
‘ what is fingular, the cloud to which the fecond 
‘ of the three was attached, having been pufhed 

* forward by the wind, the pipe followed . it 
‘ without breaking, or quitting its ftation in the 
‘ water; and, paffing bfihind the pipe of the firft, 

* they remained for fome time in the form of a 

* St. Andrew’s crofs. At firft, none of the three 
‘ exceeded an inch in thicknefs, except where 
‘ they*joined the cloud : But the one that ap- 
.* peared fi^, fwelled afterwards confiderably. 
^ The other two continued not longer than the 
‘ one we had feen to the north. The fecond, 

* on the fouth, lafted about a quarter of an 
‘ hour j t)ut the firft, on the fame fide of the 

* veflel, continued longer, and .ga^e us fome un- 
‘ eafinefs. ConcernSa:i|^tjftI^te|q^- We have ftill 
‘ farther to remark, vtKM^j altHoiig^h i^ originally 

VOL. I. ' C c was 
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* was not larger than a man’s finger, it gradually 

* fwelled to the fize of an arm, then to that of a 

* leg, and, /q^fyt to of thf trunk of a tree as 

* large as a man cofild encoinpafs with both his 

* arms. We faw the water rifing diftinftly 

* through this tranfparent body, which was of a 

* ferpentine form; and itfometimesdimiiiifliedin 

* thicknefs both above and below. It now ex- 
‘ adlly refembled a foft tube filled with water, 

* and prefled with the fingers, either above to 

* make the fluid defcend, or below to make it 

* afcend ; and 1 was fatisfied* that thefe variations 

* were occafioned by the wind, which, when it 

* prcfled the canal above, caufed the water to de- 

* fcend, and when the prefliire was lower down 

* made the water afcend. After this, it dimi- 

* niflied to thS fize of a man’s arm ; then it fwel- 

* led to the fize of a thigh j then became ex- 

* ceedingly fmall; I perceived that the 

* water elevated from the 4 furface began to fink, 

* and the end of the canal feparated from it ; 

* when a variation of the light removed it from 

* my view. I ftill, however, continued fb look 

* for it, becaufe I had remarked, tifet the canal 
f of the fccond fpout appeared to break in the 
? middle, and to reunite a little afterwards, one 

* half of it having been concealed by the light 3 

* hut thifliaft never more appeared. 

.glgSPiefe Ipouts. ar^. exceedingly dangerous at 

for,^yyfeen tfet^^^.<;tipon a veflTel, they » 
mingle they fometimes 

‘ raife 
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* raife the veflel up, and let it fall back again 
‘ with fuch violence as to fink it. But, although 

* they fliould not, raife the fliip, they tear the 
‘ fails, or let the whole water they contain fall 
‘ upon the veflel, which precipitates it to the 
' bottom. It is not improbable, that many vef- 
‘ fels, of which we never have any accountS| 
‘ periQi by fuch accidents, for there are few 
‘ examples of our ever learning with certainty 
‘ of Ihips being loft in this manner.* 

The above account of water- fpouts fee ms to 
have proceeded from feveral optical illufions. 
But I have related the fa£ts verbatim^ that they 
may either be confirmed, of at leaft compared, 
with thofe of other navigators. M. Gcntil, in his 
voyage round the world, defcribes waters fpouts 
in the following manner : * At eleven o’clock, 
‘ before noon, the flty being cloudy^ w-e faw 
‘ around our Ihip, at th% diftance of about a quar* 

* ter of a league, fix water-fpouts, which began 

* with a noife like that of water running below 
‘ ground, and gradually increafed till it relembled 

* the *hiffing noife occafioned by a high wind 

* among the ropes of a fhip. We firft perceived 

* that^the fea began to boil ; and its furface fofe 

* about a foot and a half ; the top of this ele-* 
‘ vated part was covered with a thick fog, or 

* rather fmoke, which formed itfelf into a canal, 
‘ and mounted to the dlouds. Thefe canals 
‘ bended according as the wind carrietjl the 
‘ clouds to which they were attached. Not- 

c c 3 ‘ vs'ithftanding 
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‘ withftanding the motion communicated to the 

* clouds by the wind, the canals not only ad- 

* hered to them, but feeraed to ftretch out, or 

* contract, in proportion as the clouds rofe high- 

* er, or funk down in the atmofphere. 

‘ Thefe appearances gave us much uneafmefs • 
^ and our failors, inftead of encouraging each 
‘ other, increafed their fears by dreadful ftories. 
‘ If thefe fpouts, faid they, fall upon the fliip, 
‘ they will lift her up, and then plunge her to 

* the bottom. Others maintained, with a deci- 

* five tone, that they woukl not lift the veffcl ; 

* but tliat, being full of water, if the fhip went 
, * forward, fhe would break their communication 

* with the fea, and that the great body of water, 

* by falling perpendicularly on the veffcl, would 

* break her in pieces. 

‘To prevent this misfortune, they lowered 

* the fails, and charged the cannon. It is a ge- 

* neral opinion among failors, that the firing of 
‘ cannon, by agitating the air, burfts and dif- 
‘ perfes water-fpouts. But we \rere not under 

* the neceflity of having recourfeto this expedi- 

* ent; for, after courfing round the fhip fori 
‘ about ten minutes, fome being about a quarter 
‘ of a league fropi us, and others nearer, the 
‘ canals became gradually narrower, detached 
‘ themfelves from the furfacc of the fea, and then 
^l^tirely Vaniflied 

* Tom. i. p. 191. 

From 



OF IRREGULAR WINDS, &c. 405 

From the clefcription of thefe two voyagers, 
it appears, that water-fpouts are produced, at 
leaft in part, by the adion of fire or fmolce, 
which rifes with violence from the bottom of the 
fca ; and tliat they are very different from thefe 
which are occafioned by oppofite winds: ‘ The 
‘ watcr-fpouts,’ fays Mr. Shaw *, which I had 
‘ the opportunity of feeing, feemed to be fo 
‘ many cylinders of water falling down from the 
‘ clouds; though, by the relledion, it may be 
‘ of thofe defeending columns, or from the ac- 
‘ tual dropping of the u^ater contained in them, 

‘ they would Ibmetimes appear, elpecially at a 
‘ diftance, to be fucked up from the lea. Nothing 
‘ more, perhaps, is required to explain this phae- 
‘ nomenon, than that the clouds Ihoiild be firll 
‘ of all crouded together, and then, that contrary 
‘ winds, prelling violently upon them, fliould 
‘ occafion them to cornlenfe, and fall in this cy- 
‘ lindrical manner.’ 

Many fads remain ftill to be known before 
thefe phamomena can be properly explained. To 
me it, appears, that, if there be, in particular 
places, at the bottom of the fea, a mixture of 
[fulphur, bitumen, and mineral fubflances, thefe 
may occafionally be inflamed, which will pro- 
duce, like the explolion of gwn-pow'der, a great 
quantity of air; and that this air newly gene- 
rated, and rarefied to a prodigious degree, mounts 
with rapidity, and may elevate the water from 

* Shaw’s TraVe!s>:jf(. 334. 

cc 3 
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the fea to the clou<Js. In the fame manner, if a 
perpendicular current of air be produced by the 
explofion of fulphureous matter in a cloud, the 
whole of its water may follow this current, and 
give rife to, a water-fpout from the clouds to the 
fea. But, it muft be acknowledged, that this 
aecdunt of the laft fpecies of fpout is not more 
datisfadlory than that which we have given of 
thofe produced by contrary winds ; for, it may 
be afked, why thofe Ipouts, which originate from 
the clouds, are not as common on land as upon 
the fea? « 

The liiftorian of the academy for the year 
1737, mentions a land water-fpout that ap- 
peared at Gapeftan near Beziers. It defcended 
from a cloud like a black pillar, which gradually 
diminilhed, and ended in a point upon the fur- 
face of the earth. It followed the diredtion of 
the wind, which was wfefterly; it was attended 
with a thick fnioke, and made a noife like the 
fea when greatly agitated. It tore up trees by 
the roots, and marked its way on the earth by 
a large tradt in which three carriages miglft have 
pafled each other. Another pillar of the famei 
kind appeared^ but it foon joifled thefirft; and,| 
when the wdiole waa difllpated, there fell a great 
quantity of hail. 

This fpecies of water-fpout appears to be dif- 
■ferent from'the other two. It is not faid to have 
ccntained water ; arid it Teems, both froth what 
I have mentionigd, ariiljy M, Ah€pque’s. expli- 
■ catibn 
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cation of it to the academy, to have been only 
a hurricane rendered vifible by the duft and con- 
denfed vapour which it contained. The fame 
hiftorian, for the year 1741, mentions a water- 
fpout which was feen upon the lalce of Geneva. 
•It was of a cylindrical figure, the upper part of 
which ended in a black cloud, and the tinder 
part of it was narrow, and terminated near the 
furface of the Avater. This meteor continued 
only a few minutes; and, at the moment of its 
diflipation, a thick vapour afcended from the- 
place where it firll, appeared ; the water of the 
lake boiled, and feemed to make an effort to rife 
into the air, which was very calm the whole 
time; neither was this fpout followed cither by' 
wind or rain. ‘ After all our knowledge of water- 

* fpouts,’ fays the hiftorian, * does not this prove 
‘ that they are not produced by the confli£t of 
‘ oppofite winds alone, but that they almoft al- 

* \yays originate from volcano’s or fubterrane- 

* ous vapours, which are known to exift at the 

* bottom of the fea, as well as upon land ? 

* Whirlwinds and hurricanes, therefore, which 

* are generally believed to be the caufe of thefe 

* appearances, may be only an effect or an acci- 

* dental confeq^jence of them.’ 
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THEORY OF THE EARTH. 


ARTICLE XVI. 

« 

Of Volcano s and Karlbqnakcs, 

T he bowels of thofe burning mountains 
called Volcano s contain fulphur, bitumen, 
and other inflammable materials, the efleds of 
which are more violent than thofe of thunder 
or of gun-powder ; and they have, in all ages, 
aftonifhed mankind, and flefolated the earth. A 
volcano is' an immenfe cannon, wdth an aperture 
often more than half a league in xircuniference. 
From this vaft mouth are projeSed torrents of 
fmoke and of flamds, rivers of bitumen, of ful- 
phur, and of melted metals, c^louds of afhes apd 
Hfenes j and fometimes it eje£ts, to the diftance 
of feveral leagues, rocks fo exiormous, that they 
could not be moved by any combiaation of hu- 
man 
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jnan force. The conflagration is fo dreadful, 
and the quantities of burning, calcined, melted, 
and vitrified fubftances thrown out by the moun- 
tain, are fo great, that they bury whole towns 
and forefts, cover the plains to the thicknefs 
of a hundred or two hundred feet, and foine- 
tiines form hills and mountains, which are only 
portions of thefe matters heaped up and com- 
pared into one mafs. The adtion of the fire and 
the force of the explofions arc fo violent, that 
they produce by reaciion, fuccuffions, which 
fliakc the earth, agit|te the fea, overturn moun- 
tains, and deftroy towns and buildings* of the 
moft folid materials. ' . 

Thefe effers, though natural, have been re-r 
garded as prodigies ; and, though we often be- 
hold, in miniature, effers fimilar to thofe of vol- 
cano’s ; yet grandeur, from whatever fource it 
proceeds, has fuch an aAonifhing influence upon 
the imagination, that it is not furprifmg they 
fhould have been coiifidered by fome authors as 
vents to a central fire,, and, by the vulgar, as 
mouths of hell. Aftonilhmeut produces fear, 
and fear is the fource of fuperftition. The in- 
liabiianls of Iceland believe that the groanings 
of tbdir volcaiiQ are the qries of the damped, 
and that its eruptions are oceftfioned by the de- 
fperation. and ungovernable fury of devils and 
tormented fpirits. 

All thefe phaengyaiena, however^- ai:e only the 
efieds of fireiand of fmoke. In the bowels of 

, inountains. 
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mountains, there are veins of fulphur, bitumen, 
and other inflammable fubftances, together with 
vaft quantities of pyrites, which ferment when 
expol'ed to the^air or moifture, and produce 
cxplofions proportioned to the quantity of in- 
flammable matter. This is the true idea of a 
volcano; and it is eafy for the naturalillto imi- 
tate the operation of thefe fubterraneous fires. 
A mixture of fulphur, of filings of iron, and of 
water, buried at a certain depth be];;.? the 
ground, .will exhibit, in miniature, all the ap- 
pearances of a volcano*: Tfiis mixture foon fer- 
ments to a degree of inflammation, throws off 
the earth and ftones which cover it, and produces 
cxplofions every way fimilar to thofc of burn- 
ing mountains. 

The mofl; famous volcano’s in Europe are 
thofe bf Mount Mtna. in Sicily, of Mount Hecla 
in Iceland, and of Mourn Vefuvius, near Naples 
in Italy. The burning of Mount ihtna is more 
ancient than the records of hiftory. Its erup- 
tions' are extremely violent ; and the quantity 
of matter it throws out is fo enormous, tlfat, af- 
ter digging 68 feet' deep, marble pavements, and^ 
other veftiges of aii ancient city, have beer 
found covered with Ais amal^ng lqad of ejeded 
matter, in the larn’e manner aS' the town of Her- 
tulaneum has been buried with the matter thrown 
pom - Mount Vefiivius. New mouths, or 

Hers, were opened ilk ' JStai in the years 1650, 
[669^ and it ©th)^ fmoke and 

■ ■ ' ' ■ flames 
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flames of this volcano are feen as far as Malta, 
a diftance of 60 leagues : It fends forth a perpe- 
tual finoke, and, at particular times, it throws 
out, with aftonilhing violence, flames, lava, 
huge ftones, and matter of every kind. An 
•eruption of this volcano, in the year 1537, pro- 
duced an earthquake over the whole ifland of 
Sicily, which lafted 1 2 days, and overthrew an 
immenfe number of houfes and public buildings. 
It terminated by the burfting of a new mouth, 
the lava of which burnt up every thing within 
five leagues of thf m’ountain. It difcharged 
afhcs fo abundantly, and with fuch force, that 
they reached the coaft of Italy, and incommoded 
veffels at great diftances frona^ the ifland. This* 
volcano has, at prefent, two principal craters, 
one of which is narrower than the other. They 
both fmoke perpetually; but flames only appear 
during the time of eruptions. Large ftones, it is 
laid, have been projeded from them to the dif- 
tance of 60,000 paces. 

A violent eruption, in 1683, produced a 
dreadful earthquake in Sicily. It laid the whole 
city of Catanea in ruins, and deftroyed itiore than 
60,000 of its inhabitants, beflde thofe who 
periftied in the neighbouring towns and villages. 

Heel a darts its lirbs through the fnows and 
ice of a frozen climate; Its eruptions, hovy- 
ever, are equally violent with thofe of .®tna, 
and other vokanors in the more fouthern tenons. 
It throws out afltes/%va) pumice-ftones, and 
6 'Tometimes 
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fometimes boiling water. The whole ifland of 
Iceland abounds in- I'ulphur ; but it is not habit- 
able within lefs than fix leagues of the volcano. 
The h iftory of its moft violent eruptions is re- 
corded in a book written by Dithmar Bleffken. 

According to hiftorians, the burning of Mount' 
Vfcfuvius began not before the feventh confulate 
of 'I'iius Vefpafian and Flavius Domitian. The 
top of the ihouhtain then opened, and at fiift 
threw out ftones and rocks. Thefe were fuc- 
ceeded by flames and lava which burnt up 
tw'o neighbouring cities^ ai^ volumes of fmoke 
fo thick as to darken the light of the fun. The 
elder Pliny, flimulated by curiofityj approached 
‘too near the rnountain, and was fuflbeated by 
its fulphureous , fleams Dion Caffius relates, 

that this eruption was fo violent, that aflies and 
fulphureous fleams were tranfported as far as 
Rome, and acrofs the Mediterranean into Africa 
and Egypt. FIcraclea was one of the cities that 
were overwhelmed by the matter ejedled from 
the mountain : It has lately been dilcovered 6o 
feet under the furface of the ground, which, in 
the cqutife of time, had become arable, and fit 
for every kind of culture. The hiflory of the 
difeoyery of Heraclea is in the hands of the 
public. We have ohly to wifli, that fome perfon, 
fkilled in the knowledge of nature, would exa- 
mine with attention the different materials which 
compofe thefe 6o feet of earth’, and remark their 
f See Pliny tlie Youn|;er’s Letter to Tacitus. 

. fituation. 
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fituation, the alterations they have undergone, 
the dire<rcion they have followed, the hardnefs 
they have acquired, &c. 

Naples appears to be fituated upon a vault, 
filled with burning minerals ; for Vefuvius and 
Solfatara feem to have fubterraneous communi- 
cations. When Vefuvius throws out lava, Sol- 
fatara emits flames; and, when the eruptions of 
the former ceafe, the burning of the latter is 
likewife extinguilhed. The city of Naples is 
nearly in the centre between them. 

One of the laft jyad moft dreadful eruptions 
of Vefuvius happened in the year 1737*. The 
mountain difeharged, from feveral mouths, im- 
menfe torrents of melted matter, -which Ipread 
over the fields, and terminated in the fea. M. 
de Montealegre, who communicated this account 
of it to the Academy of Sciences, obferved, with 
horror, one of thefe rivers of fire, which, from 
its fource to the fea, was about 7 miles in length, 
or 6q paces broad, from 25 to 30 palms 
deep, and in the valleys 120 palms. The running 
matte'/ rcfembled foam, or the drofs which iflues 
from a furnace +, &c. 

In Afia, and particularly in the iflands of the 
Indian ocean, volcano’s are numerous. One of 
the moft famous is Mount Albours, near Mount 
Taurus, about 8 leagues from Herat. The top 

♦ This volume was pt^bliihed in the year* 1749. Several 
eruptions have happened fince that time. See Harniiton^s Hif- 
tory of Vefuvius. 

t See THift. del' Acad, annee, 1.737, p. 7. 
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of this itiduiitfiLin fends forth a perpetual fmoke} 
and it frequently throws out flames and burning 
matter, in fuch quantities as to cover all the ad- 
jacent plains with aflies. In the ifland of Ter- 
nate, there is a volcano which difcharges matter 
limiiar to pumice-ftones. Some voyagers al- 
lege, that this volcano is molt furious during 
the equinoxes, becaufe thefe periods are attended 
■with certain winds which increafe the inflam- 
mation of thofe fires that have continued to 
burn for ages*. The ifland of Temate is not 
above 7 leagues round, and»is only the top of a 
large mountain. The land rifes from the coaft 
to the middle of the ifland, where the volcano 
mounts to a height fo great, that it is difficult to 
climb to its top. Several rills of fweet water 
defcend from the fides of the mountain ; and, 
when the air is calm, an^ the weather fine, this 
burning gulf is lefs agitafed than during ftorms 
arid high winds j'. This is a confirmation of what 
I formerly remarked, and feetns to prove, that 
the fife of volcano’s proceeds nbt from a great 
depth, but from the top or higher parts of the 
mountain; for, if it were otherwife, high winds j 

could not iricreafe the violence of the flames. 

*• 

Thefe are other yolca no’s in the Molucca iflands. 
In one of the iflands of Mauritius, about 70 
fcagrieiiffom the Moluccas, there is a ■volcano, 
th^ effedts of which are equally violent as thofe 

• See Voyages d’Argenfola, tomVi. p. zi. 

+ See Voyage dc S«hou6en. 
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of the mountain at Ternate. The ifland of 
Sorca, one of the Moluccas, was formerly inha- 
bited. In the middle of this, ifland there is a 
very high mountain, with a volcano at ks fum- 
mit. In 1693, this volcano difcharged an im- 
menfe quantity of bitumen, and inflamed mat-' 
ter, which, after forming a burning lake, gradu- 
ally extended till- it covered the whole ifland*. 

There are federal volcano’s in Japan, and the 
adjacent iflands, which fend out flames in the 
night, anA^fmoke in the day. In the Philippine 
iflands, th^ are liknwile feveral burning moun- 
tains. One of the moft remarkable, and, at the 
fame time, the moft recent volcano in the Indian 
iflands. Is that near the town of Penarucan in the 
ifland of Java. It commenced in the year 1586, ’ 
and, at the firft eruption, it threw out immenfe 
quantities of fulphur, bitumen, and ftones. The 
lame year. Mount Gbunapi, in the ifland of 
Banda, which 'had been a volcano about 17 
years oufly, op^^ and ejefted, with a dreadful 
fltfife, rocks anl .ilhatter of every kind. There 
are ftill other volcano’s in India, as in Sutnatra, 
and in the north of Alia, beyond the river Je- 
nifeea, .and the river Pefida: But the two laft 
are little known. 

Near Fez in Africa, there is a mountain, ot 
rather a cavern, called Benugua'zevaly which, 
conftantly throws out Imoke, and foinetifnes 
flame. One of the Cape de Verd iflands, called 

♦ See Phil. Tranf. Abridge, vfff. it. p 391. 

the 
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the iHand of Fmgo^ is nothing but a huge 
mountain which bi^rns inceflantly. 't'his vol- 
cano throws out flones and aflies ■, and the Por- 
tuguefe, w'ho often attempted to inhabit the 
ifland, have always abandoned the projedl:, on 
account of the volcano. The Peak of TeneriiT' 
■which is reckoned one of the higheft mountains 
in the world, throws out fire, aflies, and large 
ftones. From the top of it, ‘ rivulets of melted 
fulphur run down the fouth fide acrofs the fnows. 
This fulphur foon condcnlbs, and forms veins in 
the fnow, wdiich are diftingpiihable great dif- 
tanccs. 

America, and particularly the mountains of 
Mexico and Peru, are much infefted with vol- 
cano’s: That of Arequipa is one of the moft ce- 
lebrated : It often produces great earthquakes, 
which are more frequent in Peru than in any 
country of the world. Next to Arequipa, the 
volcano’s of Carrappa and Malahidlo are, accord- 
ing to the relation of travell|S^,.the n\oft coa^ 
fiderable. But there are mar^: others in ilwc 
new world of which we have no knowledge. 
M. Bouguer, in his voyage to Peru, publilhed in 
the Memoirs of the Academy for the year 1744, 
mentions two volcano’s, the one called 
and the other Pkhineba. The firfl; is at foine 
ince from, and the other very near, the towh 

hQuito. in the year 1 742, he faw an erupV 
[ion of Cotopaxi, which, at that time, burft 
open a new mouth in the mountain. It did no 
• 1 other 
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other damage than that of melting the fnow, 
and producing fuch torrents, as, in three hours, 
laid the whole country, to the extent of 18 
leagues, under water, and overturned every 
thing in their courfe. 

, ' Popochampeche and Popocatapec are the 
chief volcano’s in Mexico. It was near this laft 
that Cortes pafled in his way to the city of 
Mexico : Some of the Spaniards afcended to the 
top of the mountain, where they found the cra- 
ter to be about half a league in circumference. 
Sulphureous mountains have alfo been found in 
Guadaloupe, Tercera, and in others of the Azore 
iflands ; and, if all the mountains from which 
fmoke or flames iflue were to be confidered as * 
volcano’s, their number would exceed 60. We 
have only mentioned thofe which are fo formi- 
dable as, by their frequent eruptions, to prevent 
people from living neas them. 

I The nume^us volcano’s in the Cordeliers, 
formerly reutarked, produce almoft perpe- 
tIS'^<armquake8»^ which prevent the inhabitants 
from Jjuilding with ftone any higher than the 
firft floor; arid the upper parts of their houfes,. 
for the fame reafon, are conftrudted with rulhes 
or very light wood. J'n thefe mountains there 
are alfo many precjfj.iees anfl^ large gulfs, the 
walls of which are black^and burnt : They ^e 
fimilar to of Mount Ararat in, Ar- 
menia, call^^l and are the craters of 

exdnguilh^l^rol'cano’s. 

VOL. I. D D A late; 
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A late earthquake at Lima was attended with 
the moft dreadful effeds. The town of Lima, 
and the port of CiAlao, were almoft entirely 
fwallowed up. But the raifchief was ftill more 
terrible at Callao. The fea rofe and covered 
every houfe in that unfortunate town, and 
drowned the whole inhabitants, leaving only a 
fingle tower as a mOnuihent of ks devaftations. 
Of 25 veflels which lay in the harbour^ four 
were driven a league upon land, and the reft 
were fwallowed up by the waves. Of Lima, 
which was a very large city, only 27 houfes re- 
mained ftanding. Multitudes of people perilhed ; 
and the difafter was particularly fatal to the 
monks and other religious, becaufe their build- 
ings Were lofty and of more folid materials than 
the common houfes. This calamity happened 
in the month of Odober 1746, during the 
night ; and the fuccuflidh lafted 15 minutes. 

Near the port of Pifca, in ^eru, there •wa.'i 
formerly a famous ^ity, fituated oil>t,the fta- 
coaft; but, on the 19th of Odpber iSbiJ’-it 
was almoft entirely deftroyed by an earthljuake j 
for the fea, having exceeded its ufual limits, 
fweeped away this unfortunate city, with all its 
inhabitants. 

By confulting hiftorians ‘fud- travellers, w'e 
(hall flud many accountst.'of'^^Vdiquak and 
*druptions o'f volcano’s. <^i||fe>;drieadfol and 
d^vudive as thofe llgiye ^^poned. Pefi- 

. donius, 
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donius, quoted by Strabo irektes, that a city 
of Phoenicia, near Sidon, fwallowed up 
by an earthquake, with the neighbouring ter- 
ritory, and two thirds of Sidon itfelf j that this 
effeft was not produced fo fuddenly as to pre- 
vent the inhabitants from efcaping by flight j 
that it extended over mofl; of Syria, and as far 
as the Cyclades iflands*^ and Euboea, where the 
fountains of Arethufa fuddenly flopped, and ap-, 
peared a few days afterwards by new fources, at 
a conflderable diflance from the old ; and that 
the earthquake con!(inued to (hake the ifland 
fometimes in one place, and fomerimes in ano- 
ther, till the earth opened in the valley of Le- 
panta, and difcharged a great quantity of burn- 
ing matter. Pliny informs us f , that, in the 
reign of Tiberius, twelve cities in Afia were 
overturned j and he mentions J, in the following 
terms, a prodigy occafibned by a violent earth- 

S ke. ‘ Fa^m eft feme! (quod equidem in 
'trufoi^flncipUnas voluminibus inveni) ingens 
'«»^f 1 mrum portentum, Lucio Marco, Sex. Ju- 
‘ lio Coir, in agrq Mutinenfi. Namque mon- 
* tes duo inter fe concurrerunt, crepitu maxi- 
‘ mo adfultantes recedentefque, intor eos flam- , 
‘ ma, Tumoque itycoelum exedftte interdiu, fpec- 
* tante e via jEmilia 'magna equitum Romano- 
‘ rum familiarumque et viatorum multitudiiM. 

* Eo concurfu villae omnes elifas, ahimalia pe»-*- 
‘ multa, quse ihtra fuerunt, exanimata funt,’ &c. 

• Lib. i\ ' t Lib. i. c. 84. t Lib. 2. c. 83. 

P D 8 . St. 
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St. Auguftia tells U8*, that* in Lybia, ioo 
towns were tlefttoyed by an earthquake. In 
the time of Trajan^ the . earth opened and de- 
voured the city of Antioch, and a great part of 
the adjacent country. It was again deftroyed 
by the fame caufe during the reign of Juftiniatr 
in the year 528, and jfo, poo of its inhabitants 
perifhed. It was vifited with a third earthquake 
(in the days of St. Gregory, fixty years after the 
former, which deftroyed no lefs than 60,000 of 
its inhabitants. In the reign of Saladiri, tf««a 
118 2^ moft of the cities of Syria and of Judea 
were laid wSfte by the fame calamity. Earth- 
quakes have been more frequent in Apulia and 
Calabria than in any other part of Europe. In 
the time of Pope Pius 11 . all the churches and 
palaces of Naples were thrown down, and about 
30,000 lives were loft : Thofe who efcaped w^ere 
obliged to live in tents tHl houfes were built for 
them. In 1 629, 7000 perfons ffc;riftied in Apu-^ 
Ha by earthquakes ; and, in 1638, tbjj^cit;^^!^ 
Saint Euphemia w'as fvvallowed up, and leJt'ljj** 
hind it nothing but a fliuking lake : At the 
fame time, Ragula antF Smyrna w'ere almoft.to- 
. tally defftroyed. Im 1692, an earthquake was 
felt In Britain, Holland, Flanders, Germany, 
and France : It was moft fevere along the coafts 
of the fea, a nd hear great’ rivers; It agitated, at 
*|^pf^a6oo fquare leagues, though ir lafted but 
minutes. The commotion was greater in 

* Lib. 2. de miraculij, c 3. 


the 
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the mountains than in the valleys ‘ On the 
lothofjuly 1688, there waS??^ earthquake at 
Sinyrha, which began with a motion from weft 
to eaft. The caftle was firft overturned ; Ms 
four walls feparated from each other, andlTunk 
fix feet in the fea. This caftle ftood formerly 
on an ifthmus, which is now a real ifland, about 
100 paces from the land. The eaft and weft 
walls fell ; but the north and fouth walls ftill re-, 
main. The city, which is near 10 miles from 
the caftle, was overthrown foon after. The 
earth opened in many pl'aces, attended with fub- 
terraneous noifes ; and five or fix dreadful ftvpcks 
v/cre felt before the approach of night, the laft 
of which lafted about half a minute. The 
fliips in the roads were greatly agitated ; the 
ground on which the town flood funk two feet ; 
and not above a fourth of the houfes withftood 
the concuffion, and thtofe were moftly founded 
ton rock. Frcyh fifteen to twenty thoufand lives 
w^e In 1695, an earthquake was felt 

a^liiaiogna in Italy ; and it was remarked, as a 
lingular phsenomenon, that the fea was much 
troubled the day preceding:]:. 

* On the 4th of May 1614, a terrible earth- 

* quake hapjiened at Tercera, which, befide 

* private houfes, overturned* eleven churches 
‘ and nine chapels in the city of Ahgfa; and 

* the city of Praya was fo much fttaken, th» 

* See Ray’s Difcourfes, p/ 272. f See THift. di? rAcad, 

de$ Sciencesi annee 16S8. J Ibid, annee 1696. ( 

D D 3 ’* hardly 
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♦ hardly a houfe was left Handing: And, on 
‘ the 15th of June "1628, the ifland of St. Mi- 

♦ chaef was vifited with a great earthquake. 

♦ Near this illand, in the open fea, there arofe 

♦ a new ifland in a place where the water was 

♦ fathoms deep. This ifland was more 

♦ than a league and a half long, and above fix 

♦ fathoms high *. 

♦ In the ifland of St. Michael, another earth- 

♦ quake began on the 26th of July 1691, and 

♦ continued to the 12th of the following month. 

♦ Tercera and Fayal w'ere fbaken next day with 
‘ fuch violence, that they feemed to turn about. 

♦ Tbefe cpncuflions, however, were repeated 

♦ there only four times; But, at St. Michael, 

♦ they ceafed not a moment during the fpace 

♦ of eleven days. The iflanders abandoned their 

♦ houfes, which every where tumbled down be- 

♦ fore their eyes, and remained the whole time 

♦ in the open fields, expofed to^^the injuries of 

♦ the weather. The whole town df n^la Fs^- 

♦ ca was overturned to the foundation, aha iSft 

♦ of the inhabitants were buried under ite ruins. 
‘ In feveral places, the plains were elevated into 

♦ hills, and, in others, the hills funk down into 
f y^leys, A fountain of frelh water iflufed from 

♦ the ground, and run for four days, and then 
;V^ftopped all of a fudden* The air and the fea 

ere in •fuch commotion, that they made a 
noife refembling the bellowings of ferocious 

* §«e ^andelflo’s Voyaget. 

♦ animals, 
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< animals. Many people died of fear. There 

* was not a veflel in the harbours which was 
‘ not agitated in a dangerous manner i and thofe 

* which lay at anchor, or were under fail, at 

* the diftance of twenty leagues, were ftill more 

* feverely tofled. Earthquakes are veryj fre- 

‘ quent in the Azores : Twenty years before the , 
‘ period mentioned, a mountain in St. Michael 

* was overturned by a dreadful earthquake*. 

‘ In the month of September 1627, an earth- 
■* quake levelled one of the two mountains of 

* Manilla, called Carvaks^ in the province of 

* Cagayon. In 1 645, a third part of the city 

* was deftroyed by a fimilar accident, and 300 

* perfons perilhed in the ruins. The following* 
‘ year it was vifited by another j and the old 

* Indians tell us, that earthquakes are now lefs 
‘ deftrudtive than formerly ; but they ftill build 

* their houfes of wood, in which they are imi- 
‘ tated by the;Spaniards. 

Tb^ Vi?t!imber of volcano’s in this ifland con- 
2 j”lfiis the above relation ; for, at certain intcr- 
^^val», they vomit forth flames, ihake the earth, 

* and produce all the effeds aferibed by Pliny 

* to the eruptions of Vefuvius, fuch as, chang- 
‘ ing'the beds of rivers, making the neighbour- 

* ing parts of the fea retreat, covering the 
‘ places adjj|cent with afties, proje<ft;ing ftones tq 

* great diftances, and making reports lou«5^<; 
' than thofe of cannons f.’ 

* Gen, Hill, of Voyages, vol. i. p. 325. f See Voyage 
de Geftelli p. 129 
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‘ In 1646, an earthquake fplit a mountain in 

* the illand of Machian, and the explbfion made 

* a frightful noife. From the cleft iflued fuch 

* a quantity of flames as confumed feveral plan- 

* tatiohs with their inhabitants. This prodi- 

* gious aperture was to be feen in the year 1685,’ 

* and it probably remains to this day. It was 

* called the Wheel-track of Machian, bccaufe it 
‘ ran from the top to the bottom of the moun-. 

* tain, and, at a diftance, had the appearance of 

* a high road*.’ 

The hiftory of the French Academy mentions, 
in the following terms, the earthquakes which 
happened in Italy during the years 1702 and 
1703. ‘ They began in Odfober 1702, and 

* continued till July 1703. The city of Norcia, 

* with its dependencies in the ecclefiaftical ftate, 

* and the province of Abruzzo, fuffered moft ; 

* and the earthquakes ' 9 /ere firft felt in thole 

‘ places which are fituated at tlfe? foot of th?/ 

* Appennines, on the fouth fide.' 

‘ They were frequently accompanied wi^ 

‘ frightful noifes in the air, and thefe ^oifes 
‘ were fometimes heard when^the earth was at 
reft, and the Iky ferene. The moft violent 
‘ concuflion was on the 2d of February 1703 ; 

‘ and it was attended, e(|)ecially at Rome, with 
La - remarkable clear Iky, and a great calm nefs 
i«h the air. ' At Rome it lafted half a minute, 
and at Aquila, the capital of Abruzzo, three 


f See I’Hjd. de la Conqucie des Molnques^ .^^dna. 31S 


houra. 
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* hours. Befide ravaging the naghboiiring coun- 
« try, it deftroyed the whole town of Aquila, 

* and buried 5000 perfons under its rSins. 

‘ The conculiions, or vibraiticMis, of the earth, 

* as was difcovered by the motion of the lamps 
’* in the churches, were nearly from fouthi to 
‘ north. 

* The earth opened in two places, and dif- 
‘ charged, with violence, great quantities of 
‘ ftones, which covered a whole field, and ren- 

* dered it barren. After the ftones, thefe aper- 
‘ tures threw up avater above the elevation 
‘ of the higheft trees. This difcharge continued 
‘ a quarter of an hour, and laid the neighbpur- 
‘ ing country under water. The wat^* was 
‘ whitifti, like foap-fuds, and had no particular - 
‘ tafte. 

‘ On the top of a mountain near Sigillo,* a 
‘ village about 22 mil^ from Aquila, there was 
a confideraj-^e plain furroimded with rocks 
,^^e -.^ff -wall. The earthquake of the 2d of 
^’^■february converted this plain into a large 
‘ unequal gulf, its greateft diameter being 25 
‘ fathoms, and it^ leaft 20. This gulf has been ' 
‘ foun^ with ibpes of 300 fathoms, without, 
‘ reaching the bottom. At the time that the 

* gulf was formed, fames were obferved to ifliife 
‘ out of the -mountain, and afterwards a thicl' 

^ fmoke, which continued, with fome interru]^ 

‘ tions, for three days, . 

‘At 
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, * At Genoa they had two flight concuflions 
‘ of the ift and 2d days of July 1,703, the laft 

* of which was only felt by the people on the 
‘ Mole, The ^a, at the fame time, funk 6 feet 
^ in the port, and continued in this fituation a 
‘ q^uarter of an hour. 

* The fulphureous water on the road between 

* Rome and Tivoli funk two feet and a half, 

* both in the bafin and in the canal. The fprings 

* and rills of water, which rendered rhany places 

* of the plain called Tejline marfhy, were entirely 

* dried up. The depth oCthe water in the lake 

* called VEnfer was dimmilhed three feet. In 

* place of the old I|)rings, new ones, about a mile 

* diffiipt, appeared : They are probably the fame 

* waters, the courfes of which have been changed 
‘ by the concuflion of the earth*.’ 

The fame earthquake, which, in 1538, form- 
ed the Monti de Cinere^iear Puzzoli, filled the 
Lucrin lake with ftones, earth, k^nd alhes, an^ 
converted it into a marlh f. 

‘ Earthquakes, alfo,’ fays Mr. Shaw, * fiij 

* fometimes been felt at fea. In the yeaf 1724, 
^ when I was aboard the Ga^ella, an Algerine 

cruifer of 50 guns, bound to Bona to relieve 
^ the garrifon, we felt three prodigious *fhbcks, 

* one after another, as if a weight, at each time, 
‘.of 20 or 30 ton, had fallen from ^great height 

upon the ballaft. This happened when we 

* See rHift. deTAcad. des Sciences^ anncc 1704, 

4 See Ray’s Difcoarfess p. 12. 


were 
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‘ were five leagues to the fouthward of the Seven 

* Capes, and could not reach ground with a line 
‘ of 200 fathom. The cj^ptaih told me, that, a 
‘ few years before, when he was upon a cruife, 

* he felt a nfiuch greater one, at the diftaoce of 
‘ 40 leagues to the weft ward of the rock of Lif- 

* bon 

Schouten, fpeaking of an earthquake which 
happened in the Moluccas, fays, that the moun- 
tains were lhaken, and that the veffels at anchor 
in 30 or 40 fathom water, were Ihccked, as if 
they had run afheare, or ftruck againft rocks. 

* We learn/ continues he, ‘ from daily experi- 

* ence, that the fame happens in the ocean, where 

* no bottom can be found ; and that earth- * 

* quakes agitate veflels, even when the fea is 

* perfectly calm.'}'.’ ^ 

Gentil, in his voyage round the world, has 
the following remarks upon earthquakes : * i. 

* That, half r in hour before the earth begins 
^.^o Ih'iiie, all animals appear to be feized with a 
*?panic. The horfes neigh, break their halters^ 

‘ and* run out of the ftable j the dogs bark ; the 

* birds, as if Ifupid, fly for ftielter int9 the 

* houfesj the rats and mice come out of their 

‘ holes, &c. 2. That ftiips at anchor are fo 

‘ violently agitated, that all the parts of which 

* they ardijbmpofed feem to be torn afunder j 

* their guns b/eak loofe, and their mafts Ipringiix 
f Thefe f&Gks I fliould hardly have credited, if 

* Shaw’s * 5 *’ ^ Voyages, vol. vi. p. 103. 

‘ they 
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* they had not been confirmed to me by the 

* unanimous teftimony of many witnefles. I 

* know that the bottom of the fea is a continu- 

* ation of the land ; and that agitations of the 
‘ one muft be communicated to the other; but 

* I could not comprehend how the diilereuf 

* parts of a veflel, fwimming in a fluid, 11 >uld 

* b4, affected in the fame manner as if the had 

* been refting on the ground. Her motion, I 

* imagined, (hould have only refembled that 
‘ produced by a florin ; befides, in the prefert 
‘ iffflance, the furface of the fea was fmor rh, 

* and the whole agitation mufl have proceetied 

* from fomc internal caufe, becaufe, at the time 
of the earthquake, there was no wind. 3. 

* That, if the cavern of the earth which con- 

* tains the fubterraneous fire, runs from north to 
‘ fouth, and if the buildings of a town above it 

* lie in the, fame direftioA, the whole houfes are 

* overturned ; but, if the vein iic cavern run^ 
‘ acrofs the town, the damage producS^ hy 

* earthquake Is lefs confiderable 

When a. new volcano breaks out in countries 
fubjeft to earthquakes, they alndofl entirely ceafe, 
and are feldom felt, except during great erup- 
tions, as has been obferved with regard to the 
ifland of St. Chriftopbers f. 

The enormous ravages produc^B^by earth- 
Skes have’induced fome naturaiffts to imagine, 

♦ See Voyage de M. le Gentil, tom. i. p. 172^ 

■J* See PhiLTraaf. abridg. vol. ii. p. 39a. | 


that 



AND EARTHQUAKES. 429 

that mouatains, and all the other irregularities 
on the furface of the globe, have derived their 
origin from fuccullions of the earth occafioned by 
the.adhion of fubterraneous fires. This, for.in- 
ftance, is the opinion of Mr. Ray. He believes 
•that all the mountains have been formed by 
earthquakes, or by the explofions of volcano’s, 
in the fame manner as Monti de Cinere in Italy, 
the new ifland near Santorini, &c. But he has 
not confidered, that the fmall elevations formed 
by earthquakes, or by the eruptions of volcano’s, 
are not, like all othpr fountains, compofed of 
horizontal ftrata; for, by digging into the Mon- 
ti de Cinere, we find calcined ftonesj afhes, burnt 
earth, iron-drofs, pumice-ftones, all blended** 
together like a heap of rubbifli. Befides, if earth- 
quakes and fubterraneous fires had raifed the 
great mountains of the earth, as the Cordeliers, 
Mount Taurus, the Alps, &c. the prodigious 
force requiiiteio elevate thefe enormous inafles 
^•<ilild, s.L'^iiie fame time, have dellroyed a great 
pgi t of the furface .of the globe. Earthquakes 
fufficiSnt to produce fuch ^effeds muft have 
been inconceivably violent, fince the greateft 
of them recorded in hiftory have not been able 
to produce a fingle mountain. In the reign of 
Valentinian I, for inftance, an earthquake was 
felt over the whole known world*, and. yet it 
raifed not a fif^le mountain. 

AojAian. MarcelHn. lib. xxvi. c. 14. 

\ It 
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It is capable of dertionftration» however, that 
thoujgh an earthquake fhoiild have a force fuffi- 
dent to raife the higheft mountains, this force 
would not be able to difplace the reft of the 
globe. 

For, let it be fuppofed, that the chain of high’ 
mountains which traverfe South America from 
the point of Terra Magellanica to New Grana-- 
da and the Gulf of Darien, had been fuddenly 
elevated by an earthquake, and then let us efti- 
mate the effed of this explofion. This chain of 
mountains is about 1700 leagues long, and, at 
a medium, 40 leagues broad, including the Si- 
erres, which are lower than the Andes. This 
gives a furface of 68,000 fquare leagues. The 
thicknefs of the matter difplaced by the earth- 
quake I fuppofe to be one league ; or, that the 
mean height of the mountains from their I’ummits 
to the caverns. Which, a'^reeable to this hypo- 
thefis, muft fupport them, is oni>4^gue. TW 
force of the explofion, therefore, muTHij^e 
vated, to the height of a league, a quantity 
earth equal to 68,000 cubic leagues. But, ac- 
tion and reaction being equil, this • explofion 
muft have communicated an equal quantity of 
motion to the whole globe. Now, the 'whole 
globe cQiafifts of 12,310,523,801 cubic leagues. 
From this number take 68,000, aud there re- 
mains 12,310,455,801 cubic deques, of which 
the quantity of motion would be d^ual to that of 
6%ooo elevated one league. Heiice it appears, 

that 
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that the force neceflary to raife 68,000 cubifi 
leagues would not be fufEcient to dilplace the 
whole globe a Engle inch. 

There is no abfolute impoflibility, therefore, 
in the fuppofition, that the mountains have b^n 
’raifed by earthquakes, were it not evident, both 
from their internal ftrudure and their external 
figure, that they have been formed by the ope- 
ration of the waters of the ocean. Their inte- 
rior parts are compofed of parallel ftrata, inter- 
fperfed with fea-fliells ; and their external figure 
confifts of angles every where correfponding. Is 
it credible that this uniform ftrudure, and regu- 
lar figure, could have been produced by fudden 
and defultory fuccuflions of the earth ? 

But, as this notion has been embraced by 
feme philofophers, and, as the nature and effects 
of earthquakes are not well underftood, I fliall 
hazard a few ideas, which may, perhaps, throw 
\forne light lU't'Ai this intricate fubjedl. 

^ N^'t'he furrace of the earth has undergone many 
changes. At confi(|erable depths, we find holes, 
caverrfs, fubterraneo^s rivulets, and voids, which 
fometimes comnlunipate with each other by 
means of chinks ana fiffures. There arc two 
fpecies of caverns : The firft are thofe which 
have been fornaed by volcano’s and the adion 
of fubterraneouyfires. The adlion of fubterra- 
neous fire ele\j)ree8, fliakes, and thrbws off to a 
diftance the^perincumbent materials ; at the 
fame time, ^ Iplits and deranges thofe on each 
3 fide 
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fide, of it, and thus produces caverns, grottos, 
and irregular hollows. But fuch effeiil^re on- 
ly exhibited in the neighbourhood of volcano’s, 
and are not fo frequent as the other fpecies of 
cayerus which are produced by the operatioix of 
w3ter. It has , already been remarked, that the. 
different ftrata of the earth are all interrupted by 
perpendicular fiffures, the origin of which fhall 
be afterwards explained. The waters which fall 
upon the furface defeend through thofe fiffures, 
colled when their progrefs is prevented by a 
ftratum of clay, and farm fprings and rivulets. 
From the nature of water, it fearches for cavities 
or fmall vacuities, and has a conftant tendency 
' to force a paffigc, till it finds a proper vent. 
Wherever it goes, it carries along with it fand, 
gravel, and other bodies which it is capable of, 
dividing or diffolving. In this manner, the 
operation of water proceeds till it forms fubter- 
faheous paffages; and then it breaks out in the. 
form of fountains, either on the'^'Tfe^^^e of^thp 
earth, or in the bottom of the fea. TheSafc®^ 
rials it perpetually carries bff leave hollpws V)r 
caverns in the bowels of ^he^ earth, which are 
often of great extent; and thefe’ caverns have a 
very different origin from thofe produced by 
volcano’s or earthquakes. 

Earthquakes are of two kinds : Thofe oc- 
.cafioned by the adion of fui^erraneous fires, 
by the explofions of voice lio’s, are only 
:i^lt at fmall. diftances, previous to, pr during the 

time 



A N D E A R T H QU A K E S. 433 

time of eruptions. When the inflammable mat- 
ters in fhe bowels of the earth begin to.ferment 
and to burn, the fire makes an effort to efcape 
in every diredllon; and if it finds no natural 
vents, it forces a paffage, by elevating and throyr- 
.ing off the incumbent earth. In this manner v^- 
cano’s commence, and their effedts continue in 
proportion to the quantity of inflammable mat- 
ter they contain. When the quantity of in- 
flamed matter is inconfiderable, it produces only 
an earthquake, and exhibits no marks of a vol- 
cano: The air generated by fubterraneous fire 
may alfo efcape through fmall fiflures ; and, in 
this cafe, likewife, it will be attended with a fuc- 
euflion of the earth ; but no volcano will appear. 
But when the quantity of inflamed matter is 
.great, and when it is confined on all fides by lb- 
lid and compadl bodies, an earthquake and a 
volcano are the neceflary confequences. All 
ithefe commotions, however, conftitiite only the 
irfljfpecies 'if earthquakes, which are not felt but 
*in the neighbourhood of the places where they 
happen, A violent er^tion of ^tna, for example, 
will fhake all th§ ifimd of Sicily ; but it will 
never extend to the jdiftance of three or four 
hundred leagues. When Vefiivius burfts open 
a new mouth, it excites an earthquake in Naples 
and in the neighborhood of the volcano ; but 
thefe earthquak^ never fhake the Alps, nor do • 
they extend t(W4-fnce or other countries diftant 
from Vcfuvi|[s. T^hs, earthquakes produced 
VOL. I. E E by 
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by volcano’s are limited to a fmall fpacc ; they 
are nothing but effe^ksof the reaflion of the fire, 
and they lhake the earth in the fame manner as 
the explofion of a powder-magazine occafions 
an agitation to the difiance of feveral leagues. 

But there is another fpecies of earthquakes, 
which are very different in their effects, and per- 
iiaps alfo in their caufe. Thefe earthquakes 
are felt at great difiances, and fiiake a long tra£k 
of ground without the intervention either of a 
new volcano, or of eruptions in thofe which al- 
ready exift. There are inftahces of earthquakes 
•which have been felt at the fame time in Britain, 
in France, in Germany, and in Hungary. Thefe 
’* earthquakes always extend more in length than 
in breadth. They lhake a zone or belt of earth 
with greater or lefs violence in different places^; - 
and they are generally accompanied with a hol- 
low noife,, 4 ike that of a heavy carriage rolling 
with rapidity. <■, j 

As to the caufes of this fpecies ^earthquak^ 
it muft be remarked, that the explofion of ^ 
inflammable fubftances, lilK that of gun-powder, 
generates a great quantitf of' air } that this air 
is highly rarefied by heatn and that its effects, 
from the compfeilion it receives by being con- 
fined in the bowels of the earth, muft be exceed- 
ingly violent. Let us fuppofej^that, at the depth 
too or '300 fathoms, there a vaft collee- 
?iibn of pyrites and iulphiireous:V>dieSj and that 
they are inflamed by the : fern^^ntation pro- 

5 duecd 
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duced by the admiffion of water to them, pf by 
other caufes. What muft be the efFe£t ? In the 
firft place, thefe fubftances are not placed in 
horizontal beds, like the ancient ftrata, which 
were formed by the fediments of the watere. 
•They are lodged, on the cpntrary, in the 
perpendicular fiflures, in fubterraneous cavernsj 
and other places, to which the water has ac- 
cefs. When inflamed, they generate a vaft 
quantity of air, the fpring of which, by be* 
ing comprelled within a fmall fpace, like that of 
a cavern, will not fljake* the earth immediately 
above, but it will fearch for paflages in order to 
expand and make its efcape* Caverns and 
channels of fubterraneous rivulets and fprings, 
are the only natural paflages for this rarefied air* 
pJfiTto thcle, therefore, it will rulh with inipetuo.- 
fity, and produce in them a furious' wind, the 
noife of which will be heard on thefurfacej and 
*it will be attended with vibrations or fuccuflions 
^of the ground. This fubterraneous wind pro- 
duced by fire will ^tend the whole length of 
the ca'V’erns or channi Is* a'nd occafion a fliaking, 
more or lefs violeftt, i . proportion to its diftance 
from the heat, and t the width or narrownefs 
of the fcanals. But fris motion muft neceflariiy 
run in a longitudinal direction ; and the Ihaking, 
of courfe, muft b^elt over a long belt of ground, 
^his air, howewr, cannot produce iff* eruption" 
or a volcano becaufe it finds fuflScient room 
for expanding itfelf, and tfiminilhing its force } 
or, rather, bftaufe it efcapes through fiflures in 
■ ' E E a the 
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the form of vapour or of wind. But, although 
the exiftence of caverns or channels for the paf. 
fage of this rarefied air fliould be denied, it is 
eafy to conceive, that in the very place where 
the explofion is made, as the earth is elevated to 
a confiderable height, the neighbouring places” 
muft fplit horizontally in attempting to yield to 
the impulfe communicated by the original mo- 
tion ; and, in this manner, paflages may be gra- 
dually and fucceflively opened, fo as to commu- 
nicate with very diftant places. This explica- 
tion correfponds with airthc,phaEnomena. Earth- 
quakes are not felt at great diftances at the fame 
minute, or even the fame hour. They are not 
** accompanied with eruptions or external fire; 
and the noife alraoft conftantly marks the pro- 
greflive motion of the fubterraneous windr'-v., 
©ther fads concur in eftablifhing this theory. 
Blafts of wind, and vapoisrs, fometiines of a fuf- 
focating nature, it is well knoWn arife from* 
mines, independent of the motion of the air pro- 
• duced by the current of water. It is equally "’ 
well known, that winds ifmp from certaiij- aper- 
tures of the earth, from /averns, abyfles, and 
deep lakes, as Lake Boleflaw in Bohemia, which 
has been formerly mentioned. 

When thefe reniarks are confidered, I cannot 
comprehend how the mounfijins fhould' have 
^i|ginated<’from earthquakes, fnace the mineraU 
fulphureous bodies wdiich \ccafion them 
Me feldom to be met with but in th^perpendicu- 

lar 
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Jar fiflures of mountains, and in other cavities of 
the earth, the greatcft number of which have 
been produced by the operation of water ; fince 
thcife inflammable fubftances produce only a mo- 
mentary explofion, and violent winds which fol- 
'low the channels of fubterraneous waters ; fmce 
the duration of earthquakes on the furface of the 
earth is fo fliort, they mull: be occafioned by a 
fudden explofion, and not by a continued con- 
flagration ; and, Iqfdy^ fmce thofe earthquakes, 
which extend over large trails of ground, never 
produce the fmalleft* eminence throughout their 
whole courfe. 

Earthquakes, it is true, are more frequent in 
the neighbourhood of volcano’s, as in Sicily, and 
the environs of Vefuvius ; But it appears, from 
’repeated obfervations, that thefe earthquakes are 
very limited, and, confequently, can never form 
a chain t)f mountains. * 

It has fometimes been remarked, that the 
matters ejeded from jlitna, after cooling for fe- 
veral years, and beiae afterwards moiftened with 
rain, have rekindled, ind thrown out flames with 
fuch violent exjtlofi^ns, as to occafion fmall 
earthquakes. 

In 1*669, during^ violent eruption of iEtna, 
which began on tM i ith of March, the fummit 
of the mountait^unk confiderably*; which is 
a proof that t^s volcano proceeds rather from 
the fuperior^art of the mountain than from 
• Sec ilhil. Tranf. Abridg. vol. ii. p. 387. 
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the bottom of it. Borelli, who Is of the fame opw 
nion,obferves, ‘That the fire of a volcano proceeiia 
‘ neither from the centre, nor from the bottom of 

* a mountain, but from the top ; and that the in- 

* flammation never kindles hut ata fmalldepth*.’ 
Mount Vefuvius has frequently thrown out,’ 

during eruptions, great quantities of boiling wa- 
ter. Mr, Ray, who imagines that the fire of 
volcano’s comes from a very great depth, fays, 
that this water proceeds from the fea, which com- 
municates, by fubterraneous paffages, with the 
foot of the mountain. As « proof, he mentions 
;;he remarkable drynefs of the top of Vefuvius, 

, and the agitation of the fea during eruptions, 
which fometimes recedes fo far as to leave the 
port of Naples entirely dry. But, fuppofiqg 
thefe fads to be true, they by no means prove" 
tha^ the fire of volcano's proceeds from a great 
depth ; for the water the^ ejed is certainly rain- 
water, which penetrates through the fiflures, and 
collcds in the cavities of the mountain. Rills^ 
and fprings iiTue from the^opsof volcano’s, as 
well as from other high n®untains; and* as the 
former are hollow, and hare filffered more con- 
cuffions than the latter, noting can be more na- 
tufaP than they fhpuld colleld water in tlieir ca- 


*' ^ mutikated 


and that thefe waterLfhould fometimes 
h* e|&ded, along With other ^bftances, in th^ 
iig||fe.e of eruptions. With regar^to the motio^ ' 
it arifes folely from toe fliock com- 

^ Borelii de incendiis Mthtis iEtijlae* 
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municated to the waters by the explofion, which 
makes them advance or retire according to dif- 
ferent circumftances. 

The moft common fubftarices thrown out by 
volcano’s, are torrents of melted minerals, which 
■ overflow the environs of .the mountain. Thcfe 
rivers of lava extend to great diflances ; and, in 
cooling, they form beds, either horizontal or in- 
clined, in the fame manner as the ftrata accumu- 
lated by fucceflive fediments from water. But 
the former are eaflly diftinguifliable from the 
latter: i. Becaufe ftrata of lava are not every 
where equal in thicknefs. 2 . Becaufe they con- 
tain nothing that has not evidently been cal- 
cined, vitrified, or melted. 3. Becaufe their ’ 
extent is more limited. As there is a vaft num- 
'’Ger of volcanoNj in Peru, and as the bottoms .of 
mofl; of the Cordeliers are covered with fub- 
ftances which have beeA thrown out by eruptions, 
it is not furprifing that no fea*ihells have been 
found there ; for they muft have been calcined 
•and deftroyed by the fire. But I am ftill per- 
fuadetf, that, if the «lay ground, which, accord- 
ing to M. Bourguetlis the ordinary earth in the 
valley of Quito, ha<^een dug, fhells would have 
been difcovered tlyre, as well as every where 
elfe, efpecially wl^e the ground is not covered, 
^ike the bottoms^f the mountains, with matters 
de£ted from volcanoes. • iit ’ 

^It has often been afked. Why all 
appear in high mountains only ? I have partly 
E E 4 folved. 
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folved this qucftibn in the preceding article. 
But, before finifhing the prefent fubjedl, I fhall 
endeavour more fully to explain myfelf. 

The peaks or points of mountains were origi- 
nally covered with earth and fand, which, af- 
ter being gradually waflied down to the valleys 
by the rains, left nothing but thofe bare rocks 
or Hones called the core of mountains, which, 
being likewife fubjeiled to the adlion of the 
weather, fmall and large fragments of them mud 
have been occafionally loofened, and, of courfe, 
mull have rolled down to the plains. The rocks 
at the bafe of the fummit being fully uncovered, 
and having loft their original fupport from the 
* fand and earth, would necefl'arily give way a 
little, and, by feparating from each other, wou|^ 
produce fmall intervals. But this yielding ot 
the lower rocks could not take place without 
rending thofe which lay alJove them. In this man- 
ner the core of the mountain, from the fummit 
to the bafe of the lower rocks, would be Iplit 
into an infinite number of nibrpendicular filTure^ 
of different dimenfions. Though thefc th*e rains 
would penetrate, and ear^ plong with them, into 
the bowels of the mouhtain£.aIl the minerals, and 
other fubftances which thlljv were capable of 
tranrpprting or difiblving, Here pyrites, ful’- 
phur, and other coihbuftible fuBflances, wmuld be> 
ptod^^* and, in the codrfe of time, thefe bO'^ 
(lieglpbuld accumulate in great quantities, an^ 
their fermentation, would give rife to explo * 
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fions and oth^r eiFe£ts of volcano’s. Heaps of 
thefe mineral fubftances might likewife exift in 
the heai't of the mountain, before the rain could 
penetrate fo deep. In this cafe, as foon as the 
air or rain got accefs to them by means of the 
perpendicular fiflures, a conflagration and vol- 
cano would inftantly take place. No fuch phte- 
nomena can be exhibited in plains ; for, as every 
thing there is at r^ft, and nothing can be dif- 
placed, it is not furprifing that the exiftence of 
volcano’s fhould be confined entirely to the 
mountains. 

When coal-mines are opened, which are com- 
monly found in clay-grounds, and at a great 
depth, the mineral fubftances above mentioned ’ 
fometimes kindle into flames. There are exam- 
'f)les in Scotland, Flanders, &c. of coal-mines 
which have continued to burn for many years- 
The admiflion of air ts alone fufficient to pro- 
duce this efFe£t. But thefe inflammations occa- 
fion only flight .explofions, and never form vol- 
cano’s ; becaufe, i* fuch places, all being plain 
and fftlid, the fire aannot be excited to fuch a 
degree as in bumin# mountains, which are full 
of caverns and clifiy , through which the air pe*^ 
netfates, and augiiynts the adlion of the fire fo 
forcibly, as to giw rife to the terrible effe(fts wc 
Jiave been defcrifmng. 
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ARTICLE XVII. 

I 

Of New Ifands^ Caverns^ perpendicular Tiffures^ 

^c. 

N ew iflands arc produced either fuddenly 
by the operation *6f fubterraneous fires, 
or flowly by the accumulated fediments of wa- 
ter. Upon this fubjefl we are furnifhcd with 
indubitable fafts, both by anfcient hiftorians, and 
by modern voyagers. SeiKca tells us, that, in 
bis time, the ifland of Theraiia’*'*fuddehly emerg- 
ed from the fea, to the albhifluneiit of many 
^ei^ators. Pliny relates, thk 13 iflands !^fmer- 
ly arofe all at once from the ojottom of the Me- 
diterranean, and that Rhodes rod .tifelos are the> 
chief of them. According tb "Ammiarius ' Mar- 
cellinus, Philo, Pliny, dcc/thefe 13 iflands tvey 

* N6w called Santorini, 
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not formed by an earthquake or by a fubterra- 
neous explofion, but were formerly concealed 
under the water, which funk and uncovered 
them. Delos was even dillinguiflied by the 
name of Pelagia, becaufe it formerly belonged 
■ to the fea. Whether thefc 1 3 new iflands were 
produced by the action of fubterraneous fire, or 
by any other caufe which diminilhed the quan- 
tity of water in the Mediterranean, it is not eafy 
to determine. But we are informed by Pliny 
himfelf, that the illand of Hiera, in the neigh- 
bourhood of Therafia, ‘is compofed of ferrugi- 
nous mafles, and of earth which had been thrown 
up from the bottom of the fea ; and, in another 
place, he mentions feveral other illands which** 
had been formed in the fame manner. Upon 
’ this fubjedl, however, we have fa£ls more re- 
cent, and lefs involved in obfeurity. 

On the .23d day of»May 1707, at fun-rifing, 
there appeared, at the diftance of two or three 
miles from the ifland of Therafia or Santorini, 
•fomething which bad the rcfemblance of a float- 
ing r( 3 tk. Some njen, ftimulated by curiofity, 
approached it, and difeovered that it had ar^en 
from the bottom of the fea; that it iiu:reafe4 
under their feet; tMtpyftersand other (hells fhU 
adhered to the r^&^ and that many pumdee- 
ftones lay on Us Two days before this 

rock appeared, theip had been a flight earthquake 

Santormi. This ifland continued to augment 
'onfidmbly» without any accident, till the 14th 
* . • df 
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of June. It was then about half a mile In cir- 
cumference, and 20 or 30 feet high, and the 
earth was white and mixed with clay. After this 
time, the fea began to be more and more agitat- 
ed; vapours arofe from it which infefted the 
ifland of Santorini, and on the i6th of July, 

1 7 or 18 rocks rofe all at once from the bottom 
of the fea, and united into one mafs. Thcfe 
phcenomena were attended with a frightful noife, 
which continued two months ; and flames ilTu- 
ed from the new ifland, which ftill augmented 
both in circumference and height ; and the ex- 
plofions were fo violent, that they drove large 
ftones to more than 7 miles diftance. The ifland 
** of Santorini itfelf was regarded by the ancients 
as a recent produdion; and, in 726, 1427, and 
1573, it received confiderable additions, befi^ 
the fmall iflands formed in its neighbourhood’*^. 
The fame volcano, whichf in the days of Seneca, 
raifed the ifland of Santorini, produced, in Pliny’s 
time, that of Hiera or Volcanella, and, in our 
days, the rock above defcrib^d. 

On the loth of Odober' 1720, a great fire 
was feen to arife from the fea near the ifland of 
Tercera. Navigators being fbiit, by order of go- 
vernment, to examine it, th^ perceived, on the 
• 19th of the fame nfonth, ati Mand covered with 
fire and fmoke; and a prodigiou^quantity of alhes 
was throv^|b a great diftance, . as from a vol- 
cano, and aebompanied with a noife fimilartpth^ 

“ Sse THift. de I’Acad. dcs SdeaccSj j joS, p. 33. 



OF NEW ISLANDS, &c. 445 

of thunder. The earth was alfo perceived to 
fhake in the neighbourhood ; and a vail number 
of pumice-ftones were found floating on the 
fea all round the new ifland : This lalt pliieno- 
menon has fometimes been remarked in the 
. open fea*. 

The hiftorian of the French academy f, in 
relating this event, remarks, that, after an 
earthquake in the ifland of St. Michael, one of 
the Azores, there appeared a torrent of fire be- 
tween this ifland and that of Tercera, which 
cave rife to two new rocks : And, in the fub- 
fequent year, the fame hiftorian gives the fol- 
lowing detail : 

‘ M. de I’lfle has informed the academy of** 
‘ feveral particulars concerning the new ifland 
•<*'among the Azores, which he received in a 
‘ letter from M, dc Montagnac conful at Lif- 
‘ bon. On the 1 8th of September 1721, M. de 
‘ Montagnac’s'veflel was moored off the fortrefs 
‘ of St. Michael ; and he learned the following 
i particulars from the pilot of the pdrt. * 

* During the night of the 7th or 8th of De- 
‘ cember 1720, Uiere was a great earthquake in 
‘ Tercera and St. Michael, which iilands aredil- 
‘ tant 'from each ot%er about 28 leagues, and a 
‘ new ifland rofe Ifrom the fea. It was, at the i 
‘ fame timci reniarked, that the point of the 
‘ ifland of Peak, at the diftance of 30 leagues, 

• • See Philofophical Tranfaft. Abri<]g. vol. vi.pait 2. p. 154. 

Ann, 1721, p. 26. 


* wliich 
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* which formerly threw out flames, was exthi- 

* guiftied. But a continual thick fmoke iflueJ 

* from the new ifland, which was diftindtly per- 

* ceived by M. de ,^ontagnac, as long as he 

* continued in that part. The pilot aflfured him, 
*■ that he had failed round the ifland, and ap- 

* preached it as near as he could with fafety. 

* He founded on the fouth fide of it with a rope 

* of 6o fathoms; but found no bottom. On the 
‘ weft fide, the water was much changed : It ap- 

* peared to be mixed with white, blue, and 
‘ green ; and, at the diftaijce of two miles, it 
‘ feemed to be {hallow and boiling. On the 

* north-weft, the fide from which the fmoke 
•** ilTued, he found, at fathoms, a bottom of 

‘ coarfe fand. He threw a ftone into the fea, 

* and, at the place where it fell, he obferved tli?*' 

* water boil, and mount into the air with great 
•" impetuofity. The bottom was fo hot, that, at 

* two different times, it melted a piece of fuet 

* which had been faftened to the end of the 

* plumb-line. The pilot jiikewife remarked, 

* that fmoke iffued from a fmall lake, 4 n the 
‘ midft of a fandy plain. This ifland is nearly 
‘ round, and high enough to be perceived, in 

* clear weather, at the dillaike of feven or eight 

* leagues. * \ 

* We have fince learned, by a letter from M. 
#|^Adrien,, French conful at St. Michael, dated 

* in March 1722, that the new ifland is confi*^ 

* dera,bly diminifhed j that it is nearly on V 

f lev^ 



OF NEW ISLANDS, &c. 44/ 

* level with the water ; and that it will probably- 
‘ foon difappear.* 

From thefe, and many other fads of a fimilar 
nature, it is apparent, that inflammable bodies 
cxift under the bottom of the fea, and that they 
.fometimes produce violent explofions. The 

places where they happen may be conftdered as 
fubmarine volcano’s, which differ from com- 
mon volcano’s only in the Ihorter duration of 
their effeds; for, after the fire opens a palfage 
to itfelf, the water riifhes in, and extinguiflies 
them. The elevation. of new iflands neceC* 
farily leaves caverns,* which are foon filled by the 
waters ; and the new ground, which confifts of 
matter thrown out by the fubmarine volcano,*, 
muft, in every refped, refemble that of the 
, Monti di Cinere, and other eminences which 
have been raifed by terreftrial volcano’s. It • is 
on account of the waters rufliing into the voids 
and fiffures produced by cxplolions, that fub- 
marine volcano’s exhibit their effeds lefs fre- 
quently than com^jion volcano’s, though both 
derive,thcir origin from the fame caufe. 

To fubterranepus, or rather fubmariire, fires, 
muft be aferibed all thofe ebullitions of the fea, 
and watcr-fpouts, which have been remarked in 
different places by mariners :• They alfo produce 
ftorms and earthquakes, the effeds of which are 
felt equally at fea as upon land. The iflands 
raifed by fubmarine volcjino’s are generally 
©ompofedof pumice-ftones and calcined rocks. 

Fire 
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Fire has frequently been obferved to iflue out 
of the waters of the fea. Pliny tells us, that the 
whole furface of the Thrafymen lake has ap- 
peared to be inflamed; and Agricola informs us, 
that, wheri a ftone was thrown into the lake of 
Denftat in Thuringia, its defeent was marked by 
a train of fire. 

Lajlly^ The great quantities of pumice-ftones 
difeovered by voyagers in different parts of the 
ocean, as well as in the Mediterranean, evince 
the exiftence of volcano’s in the bottom of the 
fea, which differ not from thofe upon land, ei- 
ther in the violence of their *explofions, or in the 
matter they throw out, but only in their rarity, 
•'and in the fhortnefs of their duration. Hence 
it may be remarked, that the bottom of the fea 
every way refembles the furface of the earth, 
admitting even the exception of volcano’s. 

Between fea and larvd volcano’s there arc 
many relations. Both of them' exift on the 
tops of mountains. The Azore illands, and 
thofe of the Archipelago, ye only the points 
of mountains, fome of which are abov^, and 
others under, the furface of the water. From 
the account of the new iflands among the A- 
zores, it appears, that the place where the Jmoke 
iffued was only ij'fathoms deep, which, when 
compared with the ordinary depth of the ocean, 
demonftrates this place to be the top of a pretty 
high mountain. The fame remark may be 

ma'de 
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made with regard to the new ifland near Santo- 
rini. Its depth muft have been inconliderable, 
fmce oyfters were found attached to the rocks 
which rofe above the furface of the water. Ic 
likewife appears, that fea-volcano’s, as well as 
thofe upon land, have fuhtcrraneous communi- 
cations ; for, at the very time that the new 
illand among the Azores arofe, the fummit of 
the volcano of St. George, in the ifland of Peak* 
funk. It alfo merits obfervation, that new 
illaiids never appear but in the neighbourhood 
of old ones ; and thaj: th^re are no examples of 
new iflands in open feas : I'hey ought, there- 
fore, to be regarded as continuations of the an- 
cient iflands; and, when volcano’s happen to 
exifl; in the latter, it is not fuvpriiing that the for- 
mdh fhould contain the fame materials, which 
may be kindled either by fermentation alone, or 
by the adtion of fubteruaneous winds. 

Befides, ncvrill.uids produced by earthquakes, 
or by fubterraneous fires, are few in number. 

’ But the number of siiofc formed by flime, fand» 
and eaath, tranfported by rivers, or by the mo- 
tions- of the fea, is almofl; infinite. At the 
mouths of rivers, fuch quantities of earth and 
fand are amafled, as frequently give rife to 
iflands of confiderable extent. • The fea, by re- 
tiring from certain coafts, leaves uncovered the 
higheft parts of the bottom, and thefe parrs con-, 
llitute fo many new iflands. In the fadie maq^ 
ner, when the fea encroaches upon the land, it 
^VOL. I. t rs , • covers 
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covers the plains, and the more elevated grounds 
appear in the form of iflands. It is for this rea- 
fon that there are few iflands in the open feas, 
and that they are fo numerous near the coafts. 

fire and water, though, of very oppofite na- 
tures, exhibit many effedls fo fimilar, that the. 
one may often be miftaken for the other. Be- 
fide the produdions peculiar to thefe elements, 
as cryftal, glafs, &c. they give rife to many 
great phsenomena, which have fuch ftrong re- 
femblances, that they can hardly be diftinguifli- 
ed. Water, as we have feen, elevates moun- 
tains, and forms the greateft number of iflands : 
Some mountains and iflands likewife derive their 
•’ origin from fire. The fame obfervation is appli- 
cable to caverns, filTurcs, gulfs, &c. Some of 
them are the effeds of fire, and others of wafer. 

Caverns are, in a great meafure, peculiar to 
mountains : They are feldom or never found in 
plains. They are frequent in the Archipelago,' 
and other iflands ; becaufe iflands are generally 
nothing but the tops of nyountains. Caverng, 
like precipices, are formed by the finking or 
mouldering of rocks, or, like abyfles, by the 
adion of fire ; for, to make a cavern form a 
precipice or an abyfs, nothing farther is necef- 
fary than that the tops of the oppofite rocks 
Ihould come together and form an arch, which 
• mufl frequently happen when they are loofened 
at the foot, and fliaken by earthquakes, or by 
the operation of time and of the weather. Ca- 
3 verns 
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verns may be produced by-the fame caufes which 
give rife to gulfs, apertures, or linkings of the 
earth ; and thefe caufes are explolions of vol- 
cano’s, the action of fubterraneous vapours, and 
earthquakes, which create fuch commotions in 
•the earth, as muft neceflarily produce caverns, 
filTures, and hollows of every kind. 

The cavern of St. Patrick in Ireland is not fo 
conliderable as it is famous : The fame remark 
may be made with regard to the Grotto del Cane 
in Italy, and to that of Mount Beni-guazeval^ in 
the kingdom of Fej, 'Cvhich throws out fire. 
There is a very large cavern in the county of 
Derby in England. It is much larger than the 
celebrated cavern of Bauman, near the Black 
Foreft of Brunfwick. I was informed by the 
Earl of Morton, a philofopher more refpedtable 
for his merit than his high rank, thSt the en- 
trance to this cavern,* called the DeviV s~bole^ 
is larger than the door of any church ; that a 
^finall river runs through itj that, after advanc- 
ing fome way, the'^ vault of the cavern finks 
down fo low, that, in order to proceed farther, 
it is necelTary to 4 ie flat in a boat, and to be 
pulhed through this narrow palTage by people 
accuftorixed to the bufinefs j and that, after get- 
ting through, the roof, or arch of the cavern, 
rifes to_a great height j and, after walking a con- 
fiderable way on the fide of the river, 4^e arch 
finks again fo low as to touch the furface of the 
water. Here the cavern terminates. The river, 
F F 2 ■ which 
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ivhich feems to have its fource in this part of 
the cavern, fwells occafiionally, and tranfports 
heaps of fand, which, by accumulating, forms a 
kind of blind alley, whole direction is different 
from that of the principal cavern. 

In Carniola, near Potpechio, there is a large* 
cavern, in which is a pretty confiderable lake. 
Near Adelfperg, we meet with a cavern in which 
a man may travel two German miles. It contains 
feveral tremendous and deep precipices*. The 
Mendip hills in Somerfetihire likewife prefent us 
with exteniive caverns," ar^d very fine grottos. 
Near thefe caverns we find veins of lead, and 
fometiines large oak-trees, buried 15 fathoms 
deep. In the county of Gloucefter, there is a 
large cavern called Fen-park-boky at the bottom 
of v/hich we meet with 32 fathoms of water. 
Here are alfo veins of lead. 

It is apparent, that othe Devil’s-hole, and 
other caverns, from which large fprings or brooks 
iffue, have been gradually formed by the ope- ^ 
ration of the water, and tl/eir origin cannot he 
aferibed to earthquakes or volcano’s. ' 

One of the largcll and moft fingular caverns 
we are acquainted with, is that of Antiparos, of 
which M. Tournefort has given a complete de- 
feription. We fir 11 find a ruftic cave about 30 
feet wide, divided by fome natural pillars. Be- 
tween tiyo pillars on the right, the ground Hopes 
gently,^ and then more precipitately for about 
*.See Acta erud. Lipf. anno i68j, p. 558. 

20 paQCS 
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20 paces to the bottom of the cavern.. This is 
the pailage to the grotto or interior cave, and is 
nothing but a dark hole, through which a man 
cannot pafs without {looping, and the a/Iiftance 
of lights. We then defcend, by means of a 
rope fixed at the entrance, a horrible precipice, 
and arrive on the borders of another flill 
more tremendous, with correfponding abyfTes on 
the left. By a ladder placed on the margin of 
thefe gulfs, we get over a vaft perpendicular 
rock; We then continue to flip through places 
Icfs dangerous. But^ when we think ourfelves 
in the greatefl fafety, we are fuddenly flopped, 
by a frightful pafs ; to efcape through which, 
we are obliged to glide on our backs along a 
larj^e rock, and to defcend by means of a ladder* 
When we arrive at the bottom of the ladder, we 
Humble for fome time among irregular rocks, 
and then the famous grfitto prefents itfelf. This 
grotto is about 300 fathoms below the furface 
,of the earth, and it appears to be about 40 fa- 
tlioms high, and wide. It is full of large 
and beailtiful flaladlites, which both depend from 
the roof of thevau>lt and cover the floor*. 

In that part of Greece called Achaia by the 
ancients,’ now Livadia, there is a large cavern in 
a mountain which was formerly famous for the 
oracles of Trophonius; It is fituated between the 
Lake of Livadia and the fea, from whicl^j at the 
iiearefl part, it js diflant about four miles ; and 

See Tourneforc’s voyage to t|ie Levant* 

F F 3' there 
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there are no lefs than 40 fubterranneous paflages 
through which the waters run under the moun- 
tain*. 

In all countries which are fubje<£l to earth- 
quakes or volcano’s, caverns are frequent. The 
ilrudure of moft of the iflands of the Arclupe-i 
lago is exceedingly cavernous. The iflands in 
the Indian Ocean, and particularly the Moluccas, 
appear to be chiefly fupportcd upon vaults. The 
land of the Azores, of the Canaries, of the Cape 
de Verd iflands, and, in general, of almoft all 
Ihiall iflands, is, in many places, hollow and full 
of caverns ; becaufe thefe iflands, as formerly 
remarked, are only the tops of mountains, 
which have fulfered great convulfions either 
from volcano’s, or by the adion of the waters, 
of frofts, and of other injuries of the weather. 
In the Cordelieres, where volcano’s and earth- 
quakes are frequent, there are many caverns, 
precipices, and abyfles. 

The famous labyrinth in the ifland of Cretq, 
is not the work of nature ^lone. We are aflured 
by M. Tournefort, that, in many part^of it, the 
operation of men is evident;* and, it is probable, 
that this is not the only cavern which has been 
augmented by art, Mines and quarries are con- 
ftantly digging;' and, after thefe have been long 
deferted, it is not ealy to determine whether 
jfuch excavations have been the effeds of nature 
or of art. Some quarries are amazingly exten-. 

* Sec Gordon’s Geography, p. i7<> 

fiye* 
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five. That of Maeftricht, for inftance, is fuffi- 
cient to Ihelter 50,000 men, and is fupported by 
more than 1000 pillars of 20 feet high; and the 
cartli and rock above is 25 fathoms thick The 
fait mines of Poland exhibit excavations ftill 
more extenfive. Near large cities, quarries and 
artificial hollows are common. But we muft 
proceed no farther in detail. Befides, the ope- 
rations of men, however great, will always make 
but an inconfiderable figure in the hiftory of 
nature. 

Volcano’s and ■vmtef, which form caverns in 
the bowels of the earth, produce likewife on its 
furface fiflures, precipices, and abyfles. At 
Cajeta in Italy, there is a mountain which had* 
been formerly fplit by an earthquake in fuch a 
manner, that the reparation feems to have been 
made by the hands of men. We have already 
mentioned the WheelHrack^ or great fiflure in 
the ifland of Machian, the abyfs of Mount Ara- 
rat, the port or gap in the Gordelieres, that of 
Thermopylae, &c.^ To thefe we might add the 
gap inthe mountain of the Troglodites in Arabia, 
and that of \ih& Ladders in Savoy, which was 
begun by nature, and finiflied by Victor- Ama- 
doeus. ’ Confiderable finkings in the earth, the 
fall of rocks, and the fubverfion of mountains, 
are frequently produced by the waters, as well 
as by fubterraneous fires. Of this many ex- 
amples might be given. * 

* See Phil. Tranf. Abridg, vol. ii, p. 463, 

F F 4 . 
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* In the month of June 1714, a part of the 
‘ mountain of Dlabloret in Valois fell fudden- 
‘ ly, and, in a few hours, the Iky being fereiie, 
‘ it appeared to have aflumcd a conical figure. 

* It deftroycd 55 houf.*s, befides feveral men, and 
‘ a great many cattle; and it covered a league 
‘ fquarc with its ruins. The Iky was darkened 

* with the dull : The colledion of Hones and 

* earth which were amafled on the plain, exceed- 

* ed 30 Rhenifh perches in height, dammed up 

* the waters, and gave rife to new lakes of con- 

* fiderable depths. But this phasnomenon was 
‘ not accompanied with the lerdl vcllige of bitu- 

* men, fulphur, or calcined lime-ftone ; nor, con- 
*’* fequently, of fubterraneous fire : The bafe of 
‘ this great rock appeared to be rotten, and re- 
‘ diiced to powder*.’ 

'Iliere is a remarkable example of thefe fink- 
ings licar Fclkftone in thecounty of Kent. The 
hills in the neighbourhood funk infenfibly, with- 
out any earthquake or other commotion. The 
interior parts of thefe hills c^pfift of rocks and. 
chalk; and, by their finking, they have pulhed 
part of the adjacent land into the fea. A well 
atteftecl relation of this fad may be feen in the 
Philofophical Tranfadionsf. 

In 1618, the to\vn of Pleurs was buried un- 
der the rocks at thp fpot of which it had beep 
fituated, ^In 1678, a great inundation was oc- 

* Hift. de I’Acad. des Sclencesi annee 1715, p« 4« 
f Abridg. vol. iv. p. 250. 

qafione^. 
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cafioned, in Gafcony, hy the finkinp; of fome 
portions of one of the Pyrennees, which forced 
out the water that had been pent up in the fub- 
terraneous caverns of thefe mountains. In the 
year 1680, a flill greater inundation was pro- 
•duced in Ireland, by the finking of a mouniain 
into caverns which had been full of water. It is 
not difficult to inveftigate the caufe of thefe ef- 
fects. It is well known, that fubterraneous wa- 
ters are every where frequent. Thefe waters 
gradually work away find and earth in their 
paflages; and, conf§qu^ntly, they may, in the 
courfe of time, deftroy the ftratum of earth 
which ferves as a bafis to the mountain : If this 
ftratum fail more on one fide than on another^ *' 
the mountain miift, of necelTity, be overturned : 
or, if the bafe waftes gradually and equally 
throughout, the mountain will fink, without be- 
ing overturned. * 

Having mentioned a few of thofe convulfions 
and changes produced in the earth by what may 
be called the accidents of nature, we muft not 
pafs over in filencc the perpendicular liffiires in 
the different ftrata. Thefe liffures are obvious, 
not only in all rocks and quarries, but in clays, 
and in 'every fpecies of earth which has never 
been removed from its natural pofition. They 
are called perpendicular fiffures ; becaufe, like the 
horizontal ftrata, they are never oblique, buf 
front fome accidental change. Woodwhrd and 
Ray talk of fiffures, but in a general and confufed 

manner, 
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manner, and they never mention them under 
the appellation of perpendicular fiffures, becaufe 
they imagined that they might be indifferently 
either oblique or perpendicular. No author has 
hitherto attempted to explain their origin, tho’ 
it is apparent, as remarked in a former article,' 
that they have been occafioned by the drying of 
the materials which compofc the horizontal ftra- 
ta. In whatever manner this drying fhould hap- 
pen, perpendicular fiffures muft have been a nc- 
ceffary confequence ; for the matter of the ho- 
rizontal ftrata could not b#; diminiflied in fize, 
without fplitting, at different diftances, in a di- 
redtion perpendicular to tlie ftrata themf'elves. 
Under perpendicular fiffures, I comprehend, not 
only the natural cracks in rocks, but all thpfe 
reparations which have been efiedled by convul- 
five accidents. When a mafs of rock has fuf- 
fered any confiderable motion, the fiffures are 
fometimes placed obliquely; but it is becaufe 
the mafs itfelf is oblique ; and the fmalleft at- 
tention to quarries of marble and lime-ftone, or 
to great chains of rocks, will convince 'as, that 
the general direction of fiffureo is perpendicular 
to the ftrata in which they are found. 

The bowels of mountains are chiefly compof- 
ed of parallel ftrata of ftones and rocks. Be- 
tween the parallel ftrata, we often meet with 
l^gds of matter fofter than ftone ; and the per- 
pendiciflar fiflures are filled with fand, cryftals, 
metals, &c. The formation of thele laft bo^ 
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dies is more recent than that of the horizontal 
,ftrata in which fea-fliells are found. The rains 
have gradually detached the fand and earth from 
the tops .of mountains, and left the ftones and 
rocks bare, which afford an opportunity of dif- 
tinguifhing with eafe both the parallel llrata and 
the perpendicular fiflures. On the other hand, 
the rains and rivers have fueceflively covered the 
plains with confiderable quantities of earth, fand, 
gravel, and other bodies which are either folublc 
in, or eafily diviflble by water. Of thefe have 
been formed beds of tufa, of foft ftone, of fand, 
of rounded gravel, and of earth mixed with ve- 
getable fubflances. But thefe beds contain no 
fea-fhells, or at moft, but fragments of them’, 
which have been detached from the mountains 
along with the earth and gravel. Thefe recent 
beds fhould be carefully diftinguifhed from the 
ancient and original* ftrata, in which we almoft 
univerfally find a greater number of entire Ihells 
placed in their natural lituation. 

. In examining ?he internal order and diftribu- 
tion of the materials of a mountain, conipofed of 
common ftone or calcinable lapidific matter, we 
generally find, after removing the vegetable foil, 
a bed of gravel, of the fame nature and colour 
with the ftones which predominate in the moun- 
tain ; and, under the gravel, we meet with the 
folid rock. When the mountain is cut by ’a 
deep trench or ravine, the different* banks or 
ftrata are eafily diftinguifhable. Each horizon- 
tal 
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tal ftratum is fepai'ated by a kind of joint nr fu- 
ture, which is iikevvife horizontal. Thefe ftrata 
generally augment in thickrtefs, in proportion to 
their depth or diftance from the top of the 
mountain ; and they are all divided, vertically, 
by perpendicular liQures. In general, the firft 
ftratum under the gravel, and even the fecorid, 
are not only th.iriner than thofe which form the 
bafe of the mountain, but fo much cut by per- 
pendicular fiffures, that fmall portions of them 
only have any coherence. Moll of thefe fiCTures, 
which exadly refemble the tyracks in earth that 
has been dried, gradually difappear as they de- 
feend, and, at the, bafe of the mountain, where 
they cut the larger ftrata in a more regular and 
more perpendicular manner than thofe near the 
furface, their number is much fmaller. 

Thefe ftrata of rock often extend, without in- 
terruption, to great diftaiices. Stones of the 
fame fpecies likewife are alrnoft uniformly found 
in oppofite mountains, whether they be fepa- 
rated by a narrow neck or tf valley ; and the . 
ftrata never entirely difappear, unlefs when the 
mountain terminates in a darge and level plain, 
Sometimes we find, between the vegetable foil 
and the gravel, a ftratum of marl, which' com- 
jnunicates its colouf, and other qualiftes, tocthe 
neighbouring beds : The perpendicular fifliires 
ii^the inferior rocks are, ia this cafe, filled with 
mkrl, whdre it acquires a hardnefs equal, jn apr 
pearance, to that of the furround|ng ftohej-but, 

5 when 
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when expofed to the air, it fplits, and becomes 
foft and dudtile. 

The beds of ftone which compofe the tops of 
mountains are generally foft and tender, but 
thofe near the bafe are exceedingly hard. The 
firft is commonly white, and of a grain fo fine 
as to be hardly perceptible. In proportion as 
they defeend, the rocks become more compact, 
and have a better grain; and the loweft beds are 
not only harder than the fuperior ones, but are 
alfo more compact and heavy. Their grain 
is fine and brilliant; jand they are often fo 
brittle as to break* as purely and neatly as 
flint. 

The heart of a mountain, then, is corapofed*. 
of different fti'ata of ftones, which are harder or 
fofter in proportion to their diftance from the 
fummit; and' they are broad at the bafe, and 
lharp and narrow at the top. The laft is, in- 
deed, a neceffary refult of the firft: For, as the 
ftones grow harder as they defeend, it is natural 
to think, that the currents, and othei' motions of 
the w^er, which fcooped out the valleys, and 
formed the contours of the mountains, muft 
have gradually confumed, by their lateral fric- 
tion, the materials of which the mountains are 
compofed ; and that this con/umption would be 
proportioned to the hardnefs or foftnefs of the 
matter adted upon. But, as the upper ftrata ar? 
known to be fofteft, and as their denfity, increafes 
according as they approach the bafe, the moun- 
tains 
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tains muft, of neceflity, have aflumed their pre- 
fent inclined, and fomewhat conical iigure.i 
This is one great caufe of the declivity of 
mountains ; and it mufl: always become more 
gentle, in proportion as the earth and gravel are 
brought down by the rain from their fummits. 
For thefe reafons, the declivity of hills and 
mountains, compofed of calcinable bodies, is 
lefs than that of thofe which confift of granite, 
or of flint in ‘large malTes. The latter gene- 
rally rife almoft perpendicularly to very great 
heights ; becaufe in thefe j^affes of vitrifiablc 
matter, the fuperior, as well as the inferior ftrata, 
are extremely hard, and have prefented nearly an 
'equal refiftance to the operation of the waters. 

Though, in the tops of fome hills which are 
flat, and pretty extenfive, we find hard ftone 
immediately under the vegetable foil; yet it 
fliould be remarked, thatf in every example of 
this kind, what appears to be the' fuihmit of a 
hill is only a continuation of fome more elevat- 
ed hill in the neighbourhood', the upper ftrata, 
of which confift of foft, and the inferior ftrata 
of hard ftone; and the hard ftqne found on the 
top of the firft hill is only a continuation of the 
under ftrata of the higher hill. 

Still, however, dn the tops of hills which arc 
furmounted by higher grounds, the ftone 
is moftly of a foft and friable nature ; and hard 
ftone cannot be had without digging to a confi- 
derable deoth. It is between thefe layers of 

har4 
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hard flone only that marble is to be found ; and 
it is variegated with different colours by metallic 
fubftances carried down by rain-water, and fil- 
trated through the ftrata; And it is probable 
that, in every country which furnifhes ftones, 
.marble would be found, if pits were dug to a 
fufficient depth ; ^0/0 e»im, fays Pliny, loco non 
fuum marmor invenitur? It is, in fadl, a more 
common ftone than is generally imagined, and 
differs from other ftones only in the finenefs of 
its grain, which renders it compaCt, and fufeep- 
tible of a fine and brilliant polifh. 

Both the perpendicular fiffures, and the hori- 
zontal joints of quarries, are often filled, or en- 
crufted, with concretions, which are fometimes*. 
tranfparent, and of regular figures, as cryftals, 
and fometimes earthy and opaque. Water runs 
through the perpendicular fiffures, and even 
penetrates the clofe tgxture of the ftone itfelf. 
Stones which -are porous imbibe water fo copi- 
oufly, that froft fplits them in pieces. The rain- 
w'aters, by filtrating through different ftrata, are 
impregnated with a great variety of fubftances. 
They firft fink ^through the perpendicular fif- 
fures ; they then penetrate the ftrata of ftone, 
and depolite in the horizontal joints, as well as 
in the perpendicular fiffures, »fuch matter as they 
colled in their courle, and give rife to different 
concretions, according to the nature of thef? 
fubftances. For example, when the water fil- 
trates through marl, clay, or foft ftone, the mat- 
ter 
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ter which it depofiites is nothing but a fine pure 
marl, and commonly appears in the, perpendi- 
cular fifliires under the form of a porous, foft, 
white, light fubftance, known among natu- 
ralifts under the name of Lac Lunm^ or Medulla 
Saxi. 

When veins of water, charged with ftony 
matter, run along the horizontal joints of foft 
ftone or chalk, this matter adheres to the furface 
of^ the ftones, and forms a white, fcalyj light* 
and fpongy cruft, which, from its refemhlance 
to the agaric, has been caUed mineral agaric. But, 
if the ftrata through which the water penetrates 
be hard ftone, the filter being clofer, the water 
•*it allows to pafs will be impregnated with a fto- 
ny matter more pure and homogeneous ; and, 
confequently, the particles being capable of a 
more compa^ and iiitimate union, will form 
concretions, nearly' of equal denfity with the 
ftone itfelf, and fomewhat tranfparent. In quar- 
ries of this kind, the furface of the ftones are 
encrufted with undulated conoretions, which en- 
tirely fill up the horizontal joints. « 

In grottos and cavities of rocks, which may 
be regarded as the bafms or common fewers of 
the perpendicular fifiures, the different diredions 
of the veins of water give different forms to the 
concretions that refult from them. Thefe forms 
0e generally wreathed, or refemble an invert- 
ed cone, attached to the roof of the cavern j 
or, rather, they are white, hollow cylinders* com- 
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pofed of concentric coats. The impregnated 
waters fometimes fall in drops upon the floor of 
the cavern, and form columns, and a thoufand 
whimfical figures, to which naturalifls have 
given the different appellations of Jlala&itesJie^ 
kgmites^ t^eocolla^ &c. 

Lqfllyy When the concreting juices iflue im- 
mediately from marble, or very hard ftone, the 
lapidific matter is rather diflblved than fufpend- 
ed in the water, and it forms a kind of columns 
with triangular points, which are tranfparent, 
and confifl of oblique coats. This fubflance is 
diftinguifhed by the name of /par or fpalt. It is 
tranfparent and colourlefs, except when the 
ftone or marble through which it filtrates con- 
tains metallic: particles. This fpar is of equal 
hardnefs with the ftone itfelf, and it dilfolves in 
acids, and calcines with the fame degree of heat. 
Hence it is evident, that fpar is a true ftone, and 
perfedtly homogeneous. It may even be con- 
fidered as a pure and elementary ftone. 

Moft naturalifts, 'however, confider this as a 
diftin£i: iubftance, exifting independent of ftone : 
It is the lapidific ^or cryftalline juice, which, in 
their eftimation, not only cements the particles 
of common ftone, but even thofe of flint. This 
juice, they allege, daily augments the denfity 
of ftones by reiterated filtrations, and at laft 
converts them ii)to flint : When concreted into 
fpar, it perpetua^jTreceives ffefh fupplies of ftill 
purer juice, which increafes both its hardnefs 

and 


G G 
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and its denfity, till it changes to the confiftence 
of glafs, then to that of cryftal, and at laft it is 
converted into genuine diamond. , 

But, on this fuppbfition, Why does the lapi- 
dlfic juice produce ftone in feme provinces only, 
and nothing but flint in others ? It njay be faid, 
that the one province is lefs ancieht than the 
other, and that thc^ juice has not had time fuffi- 
cient to complete its natural operations. But in 
this there is not the fliadow of probability. Be- 
fides, from whence does this juice proceed ? If it 
gives rife to ftones and flints, from whence does 
it derive its own origiS ? ft is obviouSj that it 
has no exiftence independent of thofe fubftances 
•* which alone can impart to the water that pene- 
trates them, a petrifying quality that uniform- 
ly correfponds with their nature and peculiar 
properties. Thus, when it filtrates thrpugh 
Hone, it produces fparj when it ifliies from flint, 
it forms cryftal ; and there are as many fpecies 
of this juice as of bodies from which it proceeds. 
Experience confirms this account of the matter. 

' The waters, which filtrate through quarries of 
common ftone, fprra tender an,d calcinable con- 
cretions fimilar to the ftones themfelves. On 
the other hand, the waters whichT exude from 
granite or from fl'fnt, produce concretions hard 
and viti^able, and they have all the other pro- 
perties of flint, as the former Mad all thofe of 
ftone. Ip the fame manner, the ^^ters, which fil- 
trate through mineral and iy;etallic fubftances. 
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giVe rile to pyrites, marcafites, and metallic 
grams. 

It was formerly remarked, that all matter 
niight be divided into the t\vo great clafles of 
Vitrifiable and Calcinable. Clay and flint, marl 
and ftone, may be regarded as the tvfo extremes 
of each cltfs, the intervals between which are 
iilled with an almoft infinite variety of mixts, 
that have always one or other of thefe fubftances 
for their bafis. 

The fubftances belonging to the firft clafs can 
never acquire the propej^ies of thofe of the lat- 
ter. Stone, however ancient, will for ever be 
equally removed from the nature of flint, as clay 
is from that of marl. No known agent can ever 
force them from the circle of combinations pe- 
culiar to their nature. Places which produce 
marble and ftone will always continue to do fo, 
as infallibly as thofe fliat produce only fand- 
ftone, flint, and granite, will never produce lime- 
, ftone or marble. 

• If we examine t!ie order and . diftrib’utlon of 
the materials of a hill compofed of vitrifiable 
fubftances, we {hall generally find, under the ve- 
getable foil, a^ratum of clay, which is likewife 
a vitriflable lubftance analogous to flint, arid 
which, as already remarked, is only a dccompo- 
fition of vitrifiable fand; or rather, we fliall find, 
under the foil, a Karum of vitrifiable fand. This ' 
ftratum of clay &r of fand correfponds 'Jj/ith the 
gravel in\hills confifting of calculable 
‘PCS' matters. 
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matters. Below the ftratum of clay or of fand, 
we meet with fome beds of free-ftone, which 
feldom exceed half a foot in thickhefs, and they 
are divided into fmall portions by perpendicular 
fiflures. Under thefe are feveral ftrata of the 
fame matter, and likewife beds of vitrifiable' 
fand. In proportion as we defcend, the free- 
ftone is more denfe, and its thicknefs increafes. 
Below thefe, we find what I call ltve-t:ock^ or 
fiint in large majfes^ a fubftance fo hard as to re- 
fift the file, and all kinds of acids, more power- 
fully than vitrifiable find* or powder of glafs, 
upon which aquafortisTeems to have fome effeft. 
When ftruck with another hard body, it throws 
our Iparks of fire, and exhales a penetrating ful- 
phureous vapour. This flinty fubftance is com- 
monly found along with beds of clay, of flate, 
of pit-coal, of vitrifiable fand; and it corre- 
fponds to the ftrata of hard ftone and marble, 
which ferve as the bafes of hills that confift of 
calcinable matter. 

The Waters, in palfing through the perpendi- 
cular fiflures, and in penetrating the ftrata of 

■ vitrifiable fand, of free-ftone, of clay, and of 
ilate, are impregnated with the fineft and moft 
hbmogeneous particles of thefe fubftances, and 
produce various concretions, fuch as talc, afbef- 
tos, and other bodies which owe their exiftence 

■ to diftillation through vitrifiah|? naattcr. 

Flint; notwithftanding its hardnefs and denfi- 
ty, hqs, like marble and comllaon ftone. 



OF NEW ISLANDS, &c. 469 

dations, from which refult ftaladites of different 
fpecies, varying in tranfparency, colour, and con- 
figuration, according to the nature of the flint 
that produces them, and to the different metallic 
( or heterogeneous particles it contains. Rock- 
'cryftal, all the precious ftones, and even the 
diamond itfelf, may be regarded as ftaladites of 
this kind. The flints in fmall mafles, the ftrata 
or coats of which are generally concentric, are 
only ftaladites or parafitical ftones from the 
flints in large maffes; andmoftofthe fine opaque 
ftones are nothing ^ut* fpecies of flint. The 
fubftances produced by the vitrifiable clafs of 
bodies are not, as we have feen, fo various as 
the concretions formed by thofe of the calcinable. *' 
Moft of the concretions formed by flint are hard 
and precious ftones; but thofe produced by cal- 
careous ftones are friable, and of no value* 
Perpendicular fiffureS are found in flint-rocks 
as well as in ftone. They are even frequently 
larger in flint, which proves this fubftance to be 
drier than ftone. * Both the hill confifting of 
calcinable, and that compofed of vitrifiable mat- 
ter, have clay or* vitrifiable fand for their bafes, 
which are tl:^ moJl commonly diffufed matters 
of the globe,(and which I regard as the lighteft, 
being the fcoi^ of the vitrified matter that con- 
ftitutes the intej’ior parts of the earth. Thus all 
mountains tfs v|te]iyas plains are founded either 
on. clay or fancm We have feen, for example. 
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la-ville, that vitrifiable fand was always the 
deepeft ftratum. 

It may be obferved, in moft bare rocks, that 
the walls of perpendicular fiflures, whether they 
be narrow or wide, correfpond as exactly with 
each other as fplit pieces of wood. In the large' 
quarries of Arabia, which confift moftly of gra- 
nite, the perpendicular fiflures are frequent ; and, 
though fome of them are 20 or 30 yards wide, 
the fides correfpond exactly, and leave a deep 
cavity between them*'. It is likewife common to 
find, in perpendicular filTurfjs, fhells divided into 
two pieces, each piece remaining attached to tlie 
oppofite fides of the fiflfure ; which proves, that 
thefe (hells were depofited in the folid ftratum 
before it was fplit f. 

In.fome quarries mentioned by Mr. Shaw, tlic 
perpendicular fiflures are exceedingly large; and 
for this reafon, perhaps, they are lefs nume- 
rous. In quarries of granite and flint in 
large mafles, blocks of ftone may be railed, as 
the obelilks and columns at ‘Rome, of 60, 80, 
100, and 150 feet long, without the Ic^ inter- 
ruption. It appears, that thefe yaft blocks have 
been raifed from the fame quarry ,^nnd, like fome 
fpecies of free-ftone, that they iqjay be ' had of 
any given thickndfe. In other '^hbftances, the 
perpqi|dicular fifllires are very na^'row, as in clay, 
• in Jllcl, and in chalk j and-.^iev are wider in 

• See Show’s Travels. f See y/ooUward, p. 296 
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marble and hard ftone. Some are imperceptible, 
becaufethey have been filled with a matter near- 
ly fimilar to that of the ftone itfclf ; but ftill 
they interrupt the contima^y of the ftones, and 
are called hairs by the worknren. I have often 
remarked, that thefe hairs in mari)le and ftone 
diftered from perpendicular fiffiires only in the 
feparation of parts not being complete. Thefe 
fpecies of fiffiires arc filled with a tranfparent 
matter, which is a true fpar. In quarries of 
free-ftone, the fiffiires are numerous, and confi- 
dcrably large, becaafe rocks of this kind have 
often a lefs folid bafe than that which fupports 
marble or lime-ftone, the former generally reft- 
ing upon a fine fand, and the latter upon clay.’ 
In many places, free-ftone is not to be found in 
large maflTes ; and in moft quarries, where this 
ftone is good, the blocks lie irregularly upon one 
another, in the form of cubes or parallelopipeds, 
as in the hills of Fountainbleau, which appear, 
at a diftance, like the ruins of old buildings. 
•This irregular difpofition has been occafioned by 
the fandy foundation of thefe hills allowing the 
blocks to fii^*jUjd tumble upon each other, 
efpecially vroere quarries have been formerly 
wrought, wf#ch has given rife to a great variety 
of fiffiires dmd intervals between the different 
blocks : And^t may be remarked, in all coun- 
tries aboundini^^wath fand and free-ftone, tha’t 
there are mai^ fragments of rocks ^nd large 
the mfddle of the plains and yalleys ; 

*004 ’ • and 
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and that, on the contrary, in countries abound- 
ing with marble and hard ftone, thefe fcattered 
fragments, which have rolled down from the 
hills, are exceedingly rare. This phaenomenon 
is'owing to the different folidities of the bafes 
upon which thefe Hones are fupported, and to 
the extent of the banks of marble or lime-ftone, 
which is always^ more confiderable than that of 
free-ftone. 
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ARTICLE XVIII. 

Of the IfeQs of Rains — Of Marjkes^ Suhterr^/^ 
neons Wood and Waters, 

I T has already Seen, remarked, that rams, 
and the currents hf water which they pro- 
duce, continually detach, from the fummits and 
fides of mountains, earth, gravel, &c. and 
• carry them down to the plains; and that the 
rivers* tranfport part of them to the fea. The 
plains, therej^,^byfrefh accumulations of mat- 
ter, are pecj^tually rifing higher ; and the moun- 
tains, for Me fame reafon, are conftantly dimi- 
nifhing hem in fize andi elevation. Of the 
finking of i^untains, Jofeph Blancanus relates 
fcveral fafts which were publicly known in his 
time. The fipeple of the village of,Craich, in 
p^unty of Derby, was not vifibleMn 1572, 

) fronr 
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from a certain mountain, on account of a higher 
mountain which intervened ; ^ but 8o or loo 
years afterwards, not only the fteeple, but likc- 
wife part of the church, were vifible from the 
fame- ftation. Dr. Plot gives a fimilar example 
of a mountain between Sibbertofr and Alhby, in 
the county of Northampton. Sand, earth, gra- 
vel, and fmall ftones, are not only carried down 
by the rains, but they lometimes undermine and 
drive before them large rocks, which confider- 
ably diminilh the height of mountains. In ge- 
neral, the rocks are pointedt aad perpendicular 
in proportion to the height and fteepnefs of 
mountains. The rocks in high mountains 
are very ftraight and naked. 'Phe large frag- 
ments which appear in the valleys have been de- 
tached by the operation of water and of frofts. 
Thus find and earth are not the only fubftances 
detached from mountains fey the rains ; they at- 
tack the hard eft rocks, and carry down large frag- 
ments of them into the plains. ^ At Nant-phran- 
con. In 1685, a part of a large rock, which was ' 
fupported on a narrow bafe, being undermined by 
the w'aters, fell and fplit into 4. dumber of frag- 
ments, the largcfi; of which made ^ep trenches 
in the plain, eroded a finalhriver, J^id flopped 
on the other fide. To fimilar ^.cidents we 
mull aferibe the origin of all thof|^ large flones 
which arc found in valleys adjacent to moun- 
tains. This phsenomenon, as foj^erly remark- 
ed, is t/iore common m countries wherq 

^nduntamy. 
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mountains are compofed of fand and free-ftone, 
than in thofe the mountains of which confift of 
clay and marble; becaufe fand is a lefs folid balls 
than clay. 

To give an idea of the quantity of earth de- 
tached from mountains by the rains, we lhall 
quote a pallare on this lubjccl: from Dr. Plot’s 
natural hiftory of Stafford. He reinarJcs, that 
a great number of coins ftriick in the reign of 
Edward IV. i. e. 200 years ago, were found bu- 
ried 18 feet below the furfice: Hence, he con- 
cludes, that tlic cafth,'whlch is marlliy where the 
coins were found, augments about a foot in ele- 
ven years, or an inch and a twelfth each year. 
A hmilar obiervation may be made on trees btt- 
ried 1 7 feet below the furface, under which were 
found medals or Julius Ciefar. Thus, the foil 
of the plains is conflderably augmented and ele- 
vated by the mattdlrs waflicd dowm from the 
mountains. 

I’he fand, gravel, and earth carried down from 
the mountains into the plains,^ form beds which 
ought not to be confounded with the original 
llrata of the glq!>e. To the former belong the 
beds of tulK*, m foft ftonc, and of fand and gra- 
vel ‘which. >have been rounded by the operation 
of water. ‘V'o thefe may’ be added thofe beds 
of Hone which have been formed by a fpecies of 
incruftation, none of which derive their ori- 
gin from the motion or fediments of the lea. In 
thefe llrata of tufa and of foft impeffe£t Hones, 
I ‘ Wfi. 
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we find a number of different vegetables, leaves 
of trees, land or river-fhclls, and fmall terreftrial 
animals, but never fea-fhells, or other produc- 
tions of the ocean. This circumftance, joined 
to their want of folidity, evidently proves, that 
thefe firata have been fuperinduced upon the dry 
furface of the earth, and that they are more re- 
cent than thofe of marble and other ftones, which 
contain fea-fhells, and have been originally form- 
ed by the waters of the fea. Tufa, and other 
new fiones, appear to be hard and folid when 
firft dug out of the earth ;• but they foon diffolve 
after being expofed to the operation of the wea- 
ther* Their fubftance is fo different from that 
of true ftone, that, when broken down in order 
to make fand of them, they change into a kind 
of dirty earth. The ftaladiitcs, and other ftony 
concretions which Mr. Tournefort apprehended 
to be marbles that had vegetated, are not ge- 
nuine ftones. We have already fhown, that the 
formation of tufa is not ancient ; and that it is not 
entitled to be ranked with ftone§. Tufa is an im- 
perfedl fubftance, differing from ftone or earth, 
but deriving its origin from both by the inter- 
vention of rain water, in the Ta'^ri'^ manner as 
incruftations are formed by the wate||'^ of certain 
fprings. Thus, the ftrata of thefe firoftances are 
not ancient ; nor have they, like t]^ other fpe- 
cies, been formed by fediments from the waters 
of the ocean. The ftrata of turf are alfo recent 
^nd have jvien produced by fuccellive accumula^ 

/^ion^ 



OF RAINS, MARSHES, &c. 477 

tions of half corrupted trees and other vegetables, 
which owe their prefervation to a bituminous 
earth. No produ6:ion of the fea ever appears in 
any of thefe new ftrata. But, on the contrary, 
we find in them many vegetables, the bones of 
land-animals, and land and river-ihells. In the 
meadows near Aflily, in the county of North- 
ampton, for example, they find, feveral feet 
belpw the furface, fnail-fhells, plants, herbs, and 
feveral fpecies of river-fliells, well preferved ; 
but not a fingle fea-fhell appears*. All theie 
new ftrata have bjen •formed by the waters on 
the furface changing their channels, and diifuf- 
ing themfelves on all fides. Part of thefe wa- 
ters penetrate the earth, and run along the fif- 
fures of rocks and ftones. The reafon why wa- 
ter is fo feldom found in high countries, or on the 
tops of hills, is, becaufe high grounds are ge- 
nerally compofed of* ftones and rocks. T'o find 
water, therefore, we muft cut through the rocks 
till we arrive at clay or firm earth. But, when 
the thicknefs of the rock is great, as in high moun- 
tains'*where the rocks are often 1000 feet high, 
it is impofliWo to pierce them to their bafe ; and 
confequently'Tf^ is impoflible to find water in fuch 
fituations.< There are even extenfive countries 
that afford ho water, as irf Arabia Petrea, which 
is a defert where no rains fall, where the furface of 
the earth is covered with burning fands, where 
there is hardly the appearance of any foil, and 
where nothing but a few fickly platf^s are pro- 
• See Phil. Tranf. Abridg. vol, iv. p: 27 \. 

duced.' 
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ducecl. In this miferable country, wells are fo 
rare, that travellers enumerate only five be- 
tween Cairo and Mount Sinai, and the water 
they contain is bitter and faltifli. 

When the luperficial waters can find no out- 
lets or channels, they form marfhes and fens. 
The moft celebrated fens in Europe are thofe of 
Ruflia at the fource of the Tanais ; and thofe of 
Savolaxia and Enafak in Finland : There are a!fo 
Confiderable marflies in Holland, W eftphalia, and 
other countries. In Afia are the marflies of the 
Euphrates, of Tartar)’-, and of the Palus Mcotis. 
However, marfhes are lefs frequent in Afia and 
Africa than in Europe. But the whole plains 
of America may be regarded as one continued 
marfli ; which is a greater proof of the modern- 
nefs of this countr)'-, and of the fcarcity of its 
•inhabitants, than of their want of induftry. 

There are extenfive fens^n England, particu- 
larly in Lincohiflilre, near the fcaj which has 
lofl: a great quantity of land on one fide, and 
gained as much on the other. ‘ In the ancient 
foil many trees are found buried under th^' new 
earth which has been traafportecl and depofited 
by the water : The fiime phaeno^ienon is com- 
mon in the marflies of Scotland. Near Bruges 
in Flanders, in digging to the depth of 40 or 50 
feet, a vaft number of trees were found, as clofe 
to- other as they arc in a foreft. Their 
truj|jpi^ branches, and leaves were fo well pfe-c 
ifefVed, thrt*^ their different fpecies could be eafily 

diftinguffhed. 
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difliinguiflied. About 500 years ago, the earth 
where thefe trees were found was covered with 
the fea; and, before this time, we have neither 
record nor tradition of its exiftence. It muft, 
however, have been dry-land when the trees 
grew upon it. Thus the land, that, in Ibme re-* 
mote period, was firm, and covered with wood, 
has been overwhelmed with the waters of the 
fea, which, in the courfe of time, have depofited 
40 or 50 feet of earth upon the ancient furface, 
and then retired. A number of fubterraneous 
trees was likewife difcpvered at Youle in York- 
fhire, near the rivfer Humber. Some of them 
are fo large as to be of ufe in building ; and it is 
aifirmed, that they are as durable as oak. Tl),e 
country-people cut them into long thin flices, 
and fell them in the neighbouring villages, where 
the inhabitants employ them for lighting their 
pipes. All thefe treeg appear to be broken ; and 
the trunks are feparated from the roots, as if 
they had been thrown down by a hurricane or 
an inundation. .The wood appears to be fir ; it 
has the fame fmell when burnt, and makes the 
fame kind of chareoaH\ In the Ifle of Man, 
there is a marJJi called Curraghy about fix miles 
long .and three broad, where fubterraneous fir- 
trees are found; and, though 18 or 20 feet be- 
low the furface, they ftand firm on their roots K 
Thefe trees are common in the marfliesand bogs 

*• See PhiUTranf. No. zgS. 
i See Ray’s Difeourfes, p. 2^12. 

of 
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of Somerfet,.Chefl:er, Lancalhife, and Staffbrdl 4 
In fome places there are fubterraneous trees 
•which have been cut, fawed, and fquared by the 
hands of men ; and even axes, and other imple- 
ments are often found near them. Between 
Birmingham and Bromley, in the county of 
Lincoln, there are hills of a hue light fand, 
which is blown about by the winds, and tranf- 
ported by the rains, leaving bare the roots of 
large firs, in which the impreffions of the ax are 
Hill exceedingly apparent. Thefe hills have un- 
quefiionably been formed^ like downs, by fuc- 
ceffive accumulations of fand' tranfported by the 
motions of the fea. Subterraneous trees are al- 
fp frequent in the marihes of Holland, Friefland, 
and near Groningen, which abound in turfs. 

Subterraneous trees are of different fpecies, 
viz. firs, oaks, birch, beech, yew, hawthorn, wil- 
low, afli, &c. In the feijs of Lincoln, along 
the river Oufe, and on Hatfield-chace in York- 
fhire, thefe trees Hand ere£t, as if they were 
growing in a foreft. The oaks are extremely 
hard, and are ufed in building, where thpy are 
faid to lafi: long, which 1 think improbable, as 
all the fpecimens I have examined lofe their fo- 
lidit^, after being dried and expofed to the air. 
The ■ aflies are tender, and foon fall into duft. 
Some of thefe trees are evidently cut and fawed 
with inftruments j and the hatchets, which are 
fo'lRetimes found along with them, refemble the 
knives fognerly ufed in lacrifices. Befide trees. 
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we alfo meet with vaft quantities «f filberds, 
acorns, and fir-cones, in many other fens in Eng- 
land, Scotland, and Ireland, as well as in the 
marflies of France, Switzerland, Savoy, and 
Italy*. 

For four miles round the town of Modena, 
whenever the earth is dug to the depth of 63 
feet, the workmen pierce about five feet more 
with a boring inftrument, through which the 
water rufhes up with fuch impetuofity, that it 
fills the wells to the top, almoft inftantaneoufly. 
The water in thefe wells contiriues perpetually, 
and is neither augmented nor diminiflied by 
rains or drought. What is ftill more remark- 
able in this fpot, whenever the workmen dig to'* 
the depth of 14 feet, they find the riibbilh and 
ruins of an ancient city, paved ftreets, houfes, 
and different pieces of Mofaic work. Below 
this, the earth is folid,»and appears not to have 
been moved. ' Still lower, however, we find a 
moift foil mixed with vegetables ; and, at the 
depth of 26 feet, 'entire trees, as filberds, with 
nuts upon them, and great quantities of branches 
and leaves. At ,28 feet, there is a ftratum of 
foft chalk, 1 1 feet thick, mixed with fea-ihells ; 
and after this we ftill meet with vegetables, 
leaves and branches of trees, till we arrive at the 
depth of 63 feet, where there is a ftratum of 
fand mixed with gravel and fhells, fimilar to- 
thqfe which appear on the coafts of Italy. Thefe 
• See Phil, Tranf. Abridg. vol, iv. p. ai8, 
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fuccefHve ftrata lie always in the fame order, 
wherever pits have been dug; and fometimes 
the boring inilrument falls in with the trunks of 
large trees, which the workmen pierce with 
great labour: They likewife meet with bones of 
animals, pit-coal, flints, and pieces of iron. Ra- 
mazzini, who relates thefe fadls, thinks, that the 
gulf of Venice formerly extended beyond Mo- 
dena, and that this land, in the progrefs of time, 
has been gradually formed by the rivers, aflifted, 
perhaps, by inundations of the fea. 

I will inflft no longer upon the varieties in the 
compofition of new ftrata.' It is fuificient to 
have fliown that they have been produced by 
.•no other caufe than the waters which run or are 
ftagnant upon the furface, and that they are 
neither fo hard nor fo folid as the ancient ftrata 
which were formed under the waters of the 


ocean. 



PROOFS 


OF THE 

THEORY OF THE EARTH. 


ARTICLE XIX. 

Of the Changes of Land into Sea, and of Sea intb 

Land, 

F rom what has been remarked in article i, 
7. 8 . and 9. it *18 apparent, that the ter- 
reftrial globe has undergone fome great and ge- 
neral changes ; and it is equally certdn, from 
•what has been delivered in the other articles, 
that the furface of the earth has fuffered parti- 
cular alterations*. Though we are not fufficient- 
ly acquainted with the order or fucceilion of 
thefe particular changes, we know the principal 
caufes by which they were produced. We can 
even diftinguifli their different effeds; and, if we 
were able to colled all the fads which natural 
and civil hiftory afford concerning the revolu- 
HH 2 ^ tions 
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tions that have happened on the furface of the 
earth, our theory would unqueftionably receive 
additional fupports, and would be rendered ftill 
more fatisfa<3:ory. 

One of the principal caufes of thefe revolu- 
tions is the motion of the fea, which has conti- 
nued invariably the fame in all ages; for, as the 
fun, the moon, the earth, the waters, the air, &c. 
have exifted from the moment of creation, the 
effe£ls of the tides, of the motion of the fea from 
call to weft, of t^e currents, and of the winds, 
muft have been felt for^ an equal time : And, 
even fuppoftng the axis of the globe to have 
formerly had a different inclination, and that 
jhe continents, as well as the feas, were differ- 
ently difpofed, the motions of the ocean, and 
the caufes and effects of the winds, would have 
remained unaltered. In whatever part of the 
globe the immenfe quantities of water which 
lift the ocean were colledled, they would be fub- 
je£t to the fame motions. 

It was no fooner fufpe(Jled that our continent 
might formerly have been the bottom of the’ 
fea, than the faft became inconteftible. The 
fpoils of the ocean found m every place, the ho- 
rizontal pofition of the ftrata, and the correlpond- 
ing angles of the hills and mountains, appear- 
ed to be convincing proofs ; for, when we ex- 
amine the plains, the valleys, and the hills, it is 
apparent, that the furface of the earth has been 
figured by the waters. When we defeend into 

the 
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the bowels of the earth, it is equally evident, 
that thofe ftones which include fea-fhells, have 
been formed by fediments depofited by the wa- 
ters, fince the fea-fhells themfelves are impreg- 
nated with the fame matter that furrounds them. 
And, in fine, if we confider the correfponding 
angles of the hills and mountains, we cannot he- 
fitate in pronouncing, that they received their 
configuration and diredtion from currents of the 
ocean. It is true, that, fince the earth was firft 
left uncovered with water, the original figure of 
its furface has been gitadually changing: The 
mountains have diminiflied in height; the plains 
have been elevated ; the angles of the hills have 
become more obtufe; thofe bodies which have, 
been rolled along by the rivers have received a 
roundifh figure ; new beds of tufa, of foft ftone, 
of gravel, &c. have been formed. But every 
thing has remained effintially the fame. The an- 
cient form is ' ftill recognifable ; and I am per- 
fuaded, that every man may be convinced, by 
his own eyes, of the truth of all that has been 
advanced on this fubje£t; and, that whoever has 
attended to the proofs I have given, muft be fully 
fatisfied, that the earth was formerly under the 
waters of the ocean, and that the furface which 
we now behold, received its* configuration from 
the currents and movements of the fea. 

We formerly remarked, that the principal 
motion of the fea is from eaft to weft. The 
ocean, accordingly, feems to have gained from 
H H 3 the 
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the eaftern coafts both of the Old and the New 
Continent, a Ipace of no lefs than 500 leagues. 
For the proofs, we muft refer to Art. IX. and 
fhall here only add, that the diredion of all 
llraits which join two feas, is from eaft to weft. 
The ftraits of Magellan, of Frobiflier, of Hud- 
fon, of Ceylon, of the fea of Corea, and of 
Kamtfchatka, lie all in this dire£tion, and ap- 
pear to have been formed by the irruption of 
the waters, which, being forcibly puflied from 
eaft to weft, have opened thefe paflages, where 
the waters ftill preferve a ftr^nger current in this 
than in any other diredion ; for, in all ftraits of 
this kind, the tides are high and violent ; but, 
In thofe fituated on the weftern coafts, as that of 
Gibraltar, of Sunda, &c. the motion of the tides 
is almoft imperceptible. 

The inequalities at the bottom of the fea 
change the diredion of the motion of the wa- 
ters. Thefe inequalities have originated from 
fediments and matters tranfpqrted by the tides, 
or by other movements in the water : The tides 
are the principal and firft, though not t'ne only 
caufe, which produced thefe inequalities. The 
wind is another caufe j though its adion be- 
gins at the furface, it agitates the whole mafs to 
the greateft depths, as appears from particular 
bodies which are detached froni the bottom of 
the fea, and thrown aftiore during violent ftorms 
only. 


It 



.AND INTO SEA, &c. 487 

It has already been mentioned, that, between 
the Tropics, and even fome degrees beyond them, 
an eaft wind perpetually blows. This wind, 
which allifts the general motion of the fea from 
eafl to weft, is as ancient as the tides ; becaufe 
it is occasioned by the rarefaction of the air 
produced by the heat of the fun. There are 
two combined caufes, therefore, the operation 
of which is greateft in the equatorial regions : 
1^, The tides, which are greateft in the fouthern 
latitudes; and, 2 ^/, The eaft winds, which con- 
ftantly reign in thf fe climates. Thefe two caufes 
have concurred, from the firft formation of the 
earth, in producing a motion in the waters from 
eaft to weft, and in agitating them more vio- 
lently in this region of the globe than in any 
other. It is for this reafon that we find between 
the Tropics the greateft inequalities upon the 
furface of the earth.* That part of Africa which 
lies between thefe circles, is nothing but a group 
of different chains of mountains, which gene- 
rally extend from eaft to weft, as appears 
from'*the direction of the great rivers that tra- 
verfe this unknown region. The fame obfer- 
vation holds with regard to the countries both 
of Alia and America, which lie between the 
Tropics. ’ 

The general motion of the fea from eaft to 
Tfeft, combined with the tides, currents, and 
winds, produce a variety of effeCts, both on the 
bottom of the ocean, and on the coafts. Vare- 
u H 4 nius 
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nius thinks it extremely probable, that gulfs and 
ftraits have been formed by reiterated efforts of 
the ocean againft the laud; that the gulfs of 
Arabia, of Bengal, and of Cambaya, have been 
produced by irruptions of the waters, as well as 
the ftraits between Sicily and Italy, between 
Ceylon and India, between Greece and Euboea, 
&c. ; that the probability of fuch irruptions, and 
of certain lands having been deferted by the 
fea, is ftrengthened by the fcarcity of iflands in 
the middle of great feas, and by their never ap- 
pearing there in groups; that, in the immenfe 
fpace occupied by the Pacific Ocean, there are 
only two or three finall iflands near the centre 
of it ; and that, in the vaft Atlantic Ocean be- 
tween Africa and Brafil, we find only the fmall 
iflands of St. Helena and Afcenfion; But all 
iflands lie near large continents, as thofe of the 
Archipelago, which approach the continents both 
of Europe and Afia ; the Canaries are near Afri- 
ca ; the Indian iflands lie near the eaftern part 
of the continent of Afia ; the Antilles lie off the 
coaft of America; and the Azores alone lie at a 
coufidcrable diftance both from Africa and Ame- 
rica. 

The popular tradition among the inhabitants 
of Ceylon, that their ifland had been feparated 
from the peninfula of India by an irruption of 
the fea, is extremely probable. The great nun:- 
ber of rocks and ftioals between the ifland of 
Sumatra and the continent demonftrate their 

former 
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former union. The Malabarians affirm, that 
the Maldiva iflands once made a part of the con- 
tinent of India ; and, in general, we may believe, 
without hefitation, that all the eaftern iflands 
have been feparated from continents by irrup- 
tions of the ocean *. 

The ifland of Great Britain appears to have 
been formerly a part of the continent ; and that 
England was once joined to France, the narrow- 
nefs of the ftrait, and the famenefs of the flrata 
of ftone and of earth on the oppoiite fldes, are 
a fuflicient indication. • If we fuppofe, fays Dr. 
Wallis, that France was conneded to Fhigland 
by an ifthmus between Calais and Dover, two 
tides would necelTarily ftrike with violence 
againft each fide of it twice every twenty- four 
hours; and the operation of the fea, both on the 
eaft and weft of this ifthmus, would, in the 
courfe of time, gradually cut through fuch 
a narrow neck of land. The tides ading with 
violence not only againft this ifthmus, but alfo 
.againft the coafts of France and of England, 
muft have carried away vaft quantities of earth, 
fand, and clay,. from every part on which the 
waves exerted their fury. Their courfc, how- 
ever, ‘being interrupted by the ifthmus, they 
would not, as might be imagined, depofite their 
fediments upon its fliorcs, but would tranfport 
^n^^epofite them on the great plain which now 

* See Varen. Geogr, p. 203. 217. and 220. 
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forms the marfli of Romney, and is four miles 
broad and eight long ; for no man, who has ever 
feen this plain, can poffibly doubt of its having 
been formerly covered with the fea, as, without 
the intervention of the dikes of Dimchurch, .a 
great part of it would ftill be overflowed by the 
ipring-tides. 

The German fea would adi in the fame man- 
ner againfl: this iflhmus and againfi: the coalls of 
England and Flanders, and would carry its fedi- 
ments into Holland and Zeland, the foil of which 
was formerly under the <vat?rs, though it is now 
elevated 40 feet above them. On the Englifh 
coaft, the German fea muft have occupied that 
‘large valley which commences at Sandwich, 
runs by Canterbury, Chatham, Chilham, and 
terminates at Alliford, a fpace of more than 20 
miles. Here the land is much more elevated 
than it was in ancient times ; for, at Chatham, 
the bones of an hyppopotamos were found bu- 
ried at the depth of 1 7 feet, and likewife anchors 
of fhips, and fea-fliells. 

Nothing is more apparent than that nef'w lands 
are formed by the earth, fand, clay, &c. tranf- 
ported and depofited by the fea: For, in the 
ifland of Okney, which is adjacent to the niarfhy 
coaft of Romney, there was a fiat fpace of ground 
in continual danger of being overflowed by the 
river Rother; but this flat, in lefs than 60 yeL'", 
has been confiderably elevated by the acceflSon 

of 



i 1 a.ND into sea, &c. 491 

of frefh matter brought in by every tide. This 
river has, befides, deepened its channel fo much, 
that its mouth, which, lefs than 50 years ago, 
was fordable by men, is now capable of receiving 
large veflels. 

In the fame manner has the bank of fand, 
which runs obliquely from the coaft of Norfolk 
to that of Zeland, been formed. This bank is 
the place where the German and French feas 
encounter fince the rupture of the illhmus ; and 
it is here that the waters depofite the earth 
and fand which tljey 'carry off from the coafts. 
It is even probable that this bank of fand may, 
in a fucceflion of ages, give ’rife to a new 
illhmus*. 

It is extremely probable, fays Mr. Ray, that 
the illand of Great Britain was formerly joined 
to France : Whether it was fcparated by an earth- 
quake, by an irruption of the ocean, or by the 
operation of men, we know not. But the form- 
er jundlion of ^Britain to the continent is ap- 
parent from the identity of the rocks and differ- 
ent ll^ata, at the fame elevation, on the oppofitc 
coalls ; and from the fimilar extent of the rocks 
on each fide, being both about fix miles. The 
narrownefs of this ftrait, which exceeds not 24 
Engliih miles, and its lhallownefs*, when com- 
pa|ed to the depth of the neighbouring fea, ren- 
fer it probable that England has been feparated 
from France by fome accident. To thefe proofs 
• See Phil. Tranf. Abridg. vol. iv. p. 227. 
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we might add, that wolves and bears formerly 
exifted in this ifland : It is not probable that thefe 
animals could fwim over, nor that fuch deftruc- 
tive creatures would be tranlported by men ; for, 
in general, the noxious animals of the continent 
are found in all thofe iflands which are very near 
it, but never in thofe that are remote. This fa£t 
was remarked by the Spaniards when they ar- 
rived at America 

In the reign of Henry I. of England, a part 
of Flanders was overflowed by an irruption of 
the fea. In 1446, more^than 10,000 perfons 
were drowned by a fimilar irruption in the ter- 
ritory of Dordrecht, and more than 100,000 
rgund Dullart in Frifeland and Zeland. In 
thefe two provinces, above 300 villages were 
overflowed. The tops of their towers and fpires 
are ftill vifible above the furface of the water. 

From the coafts of Franc?, England, Holland, 
and Germany, the fea has in many places re- 
treated. Hubert Thomas, in his defeription of 
the country of Liege, afllires uu, that the walls 
of the city of Tongres were formerly furrpund- 
ed by the fea, though it is now ^ leagues dis- 
tant from that city. He gives feveral fatisfac- 
tory reafons : Among others, he informs us, 
that, in his time, tha iron rings, to which fliips 
w^ere fliftcned, ftill remained in the walls. The 
fens of Lincoln, of the ifland of Ely, and \he 
Crau of Provence in France, may be regarded as 

* See Ray’s Difeourfes, p. 208. 
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lands abandoned by the fea, which has likewise, 
fince the year 1665, retired confiderably from 
the mouth of the Rhone. At the mouth of the 
Arno in Italy, a large quantity of land has been 
gained from the fea j and Ravenna, which was 
formerly a harbour, is no longer a fea-port. 
The whole of Holland appears to be new land : 
The furface of the ground is nearly on a level 
with the fea, although it has received daily ele- 
vations from the mud and earths tranfported by 
the Rhine, the Maefe, &c. ; for the foil of Holland 
was formerly, in many places, computed to be 
50 feet below the level of the fea. 

It has been alledged, that, in the year 860, a 
furious tempeft drove fuch quantities of fand up«: 
on the coaft, that the mouth of the Rhine near 
Catt was entirely blocked up ; and that this river 
overflowed the whole country, overturned trees 
and houfes, and at Uft emptied itfelf into the 
channel of the Maefe. In 1421, another inun- 
dation feparated the city of Dordrecht from the 
main land, overwhelmed 72 villages, and drown- 
ed loc^ooo perfons, befide avail number of cattle. 
The dike of Iflel was broken down in 1638, by 
the ice-boards from the Rhine blocking up the 
palTage of the water, which occafioned an open- 
ing in the dike of feveral fathomsf and a great 
part of the province was laid under water before 
di^reach could be repaired. The province of 
"Inland, in 1682, fuflered a limilar inundation, 
yrhich drowned more than 30 villages ; and an 

amazing 
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amazing number of men and cattle periflied, as 
.the unfortunate event happened during the 
night. The lofs would have been ftill greater, 
had not a fouth-eaft wind oppofed the motion 
of the waves j for there was fuch a fwell in the 
fea, that the water rofe 1 8 feet aibove the higheft 
ground in the province*. 

The harbour of Hithe, in the county of Kent, 
is entirely blocked up, notwithftanding much 
labour and expence bellowed, on different occa- 
lions, to clear it from rubbifh. For feveral miles 
round, we find an aftonilhing quantity of fhells 
and other fea- bodies, which had been accumu- 
lated in ancient times, and which are now co- 
vered with foil, and afford excellent pafturage. 
The fea, on the other hand, often encroaches 
upon the land. The lands of Goodwin, for ex- 
ample, which formerly belonged to a Nobleman 
of that name, are now converted into fands, 

I ' 

and are covered with the waters of the ocean. 
Thus the fea gains upon fome coafts, and lofes 
upon others, according to theif different fitua- 
tions and circuraflancesf. 

Upon Mount Stella, in Portugal, there is a 
lake, in which are found the ^frrecks of fhips, 
though this mountain is 12 , leagues dillant from 
the fea J. Sabinius. in his commentary upon 
Ovid’s Metamorphofes, tells us, that, in the year 

• See les Voyag. hill, de I’Earope, tom. v. p. 70. 

f See Phil. Tranf. Abridg. vo|. iv. p. 23^^. 

% Sec Gofdoa’s Geog, Gram, p. 149. 
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1460, a fliip, with its anchors, were found in 
one of the Alpine mines. 

Thefe changes of fea into land, and of land 
into fea, are not peculiar to Europe. The other 
parts of the globe, if properly inveftigated, would 
furnifli more ftriking and numerous examples. 

Calecut was formerly a celebrated city, and 
the capital of a kingdom of that name. It is 
now reduced to an inconfiderable town, ill-built, 
and almoll deferted. The fea, which, for a cen- 
tury paft, has gained greatly upon this coaft, 
now covers moft of the ancient city. Ships 
moor upon its ruins, and the port is choaked 
up with a number of rocks, upon which many • 
veffels have been wrecked *. 

The province of Jucatan, a peninfula in the 
Gulf of Mexico, was formerly a part of the fea. 
This neck of land ftretches about lOO leagues 
in length, and is no where above 25 leagues 
broad. The air is hot and moift. The earth 
furniflies plenty of water, though, in fo large a 
country, there arp neither rivers nor brooks ; and, 
‘'when pits are dug, fuch multitudes of Hiella 
every where appear, as leave no room for 
doubting that this whole trad of land was form- 
erly a part of the ocean. 

It is a tradition among tlje inhal^tants of Ma- 
labar, that the Maldiva iflands originally belong- 
the continent of India, and that they were 
■detached from it by the violence of the ocean* 
* See Lettres Edifiantes, recueil ii. p. 187, 

The 
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The number of thefe iflands is fo great, and they 
are feparated by fuch narrow channels, that the 
bow-fprits of veffels in pafling, drive off leaves 
from the trees on each fide ; and, in foine places, 
a vigorous man, by laying hold of a branch, 
may leap into another ifland '*. The cocoa 
trees found at the bottom of the fea, is a farther 
proof that the Maldivas formerly belonged to 
the continent. 

The ifland of Ceylon, thofe of Rammanakoiel, 
and many other iflands, it is believed, were alfo 
disjoined from the continent by currents, which, 
in many places of the Indian fea, are extreme- 
ly rapid -f*. It is certain, however, that the fea 
has encroached 30 c«r 40 leagues on the north- 
eaft coafl; of Ceylon. 

The fea appears to have lately abandoned ma- 
ny of the promontories and iflands of America. 
We have already remarked, that the territory of 
Jucatan is full of fliells. The fame phtenome- 
non takes place in the low grounds of Marti- 
nico and the other Antilles. The inhabitants 
diftinguifli the earth below the furface by the ' 
name of lime ; becaufe they make lime of the 
fhells, great banks of which lie immediately un- 
der the vegetable foil j:. 

There are forae latjds which the fea alternately 
covers and leaves bare, as happens in feveral iflands 

V 

• See Voyagto ues Hollandois auxindes Orientalcs, p. 274. 

f Ibid. vol. IV. p. 485. 

t See Nottv. Voyages aux Ifles dc I’Ameriquc* 
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Norway, Scotland, the Maldiva’s, the gulf of 
CaiTibaya, &c. The Baltic fea has gradually 
gained a great part of Pomerania; and it has 
covered and deftroyed the celebrated port of Vi- 
neta. In the fame manner, the Norwegian fea 
has advanced into the continent, and formed 
feveral illands. The German fea has encroach- 
ed upon Holland, near Catt, to fuch a, degree, 
that the ruins of an ancient Roman citadel, 
which was formerly fituated on the coafl, lie 
now at a confiderable diftance in the fea. The 
marftiy ground in the«ifland of Ely, and the 
Crau of Province, are, on the contrary, lands 
which the fea has deferted. The Downs have 
been formed by accumulations of fand, earth, and*. 
Ihells fucceflively driven upon the coafts by 
winds blowing from the fe^. For example, on 
the weft coafts of France, Spain, and Africa, a 
violent weft wind reigns, by which the waters 
are pulhed with violence againft the fhores; and 
downs, accordingly, are frequent on thefe coafts. 
The eaft winds, irf the fame manner, wheh they 
’ continue, long, drive the W-aters fo forcil/y from 
the coafts of Syria and Phoenicia, that large 
chains of rdcks, which are covered during the 
weft winds, are left dry. Befides, downs are 
not compofed of ftdnes dnd marbite, like the 
mountains which have been formed m the bot- 
toxT !^ the ocean, becaufe they Have not remaiij- • 
e(f long enough under the waters. That the wa- 
ters of the fea poflefs a petrUying power, and that 
VOL. I. II the 
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the ftones formed in the earth are very difjerent 
from thofe formed at the bottom of the ocean, 
is fully evinced in my difcourfe on minerals. 

Since finilhing my theory of the earth, which 
was compofed in the year 1744, I have perufed 
, M. Barrere’s diflertation on the origin of figur- 
ed ftones. It gave me peculiar fatisfadion to 
find that the ideas of this accompli Ihed naturalift, 
concerning the formation of downs, and the 
duration of the lea upon the furfacc of the 
earth which we inhabit, exactly correfpondcd 
with my own, Aiguis-mortes, which is now 
more than a league and a half from the fea, was 
a port in the time of St. Louis. Pfalmodi was 
’an illand in the year 815; and it is now more 
than two leagues from the fea. The fame change 
has happened, at Maguelone. The greateft part 
of the vineyard of Agde was covered, about 40 
years ago, with the wateis of the fea. In Spain, 
the fea, within thefe few years, has retired con- 
fiderably from Blanes, from Badalona, from the 
environs of the river Vobregdt, from Cape Toj-^ 
tofa along the coaft df Valencia, dec. , 

The fea may form hills and .mountains, 1. By 
tranlporting earth, flime, fand, and Ihells from 
one place to another : 2. By depofiting fediments 
compofed [of fmall particles detached from the 
bottom and from the coafts : And, lajilyy hills 
and dov/ns may be formed by fand an^S^her 
particles driven againft the coafts by particul^ 
winds ; thefe are gradually deferted by the fea} 

and 



I^AND LNTO SEA, &c. 499 

and become parts of th.e dry land. The downs 
of Flanders and Holland are of this kind. They 
confift of fmall elevations or hills, compofed of 
fand and fliells which have been blown from 
the fea upon the coafts. M. Barrere gives ano- 

* ther example, which merits obfervation. ‘ The 
‘ fea,’ he remarks, ‘ by its motion, detaches im- 

* menfe quantities of plants, fand, Ihells, and 

* llime, from its bottom, which are continually 
‘ puflied by the winds and the waves towards 

* the coafts. The perpetual repetition of this 

* operation muft ^ve*rife to gradual accumula- 
‘ tions of new ftrata, which elevate the earth, 

* produce downs and hills, enlarge the land', and 
‘ confine the fea within narrower bounds. 

* It is apparent that new ftrata of different 
‘ materials muft have been formed by the con- 
‘ ftant attrition of the waters, by the depolition 

* offediments, and bj> other caufes, the operation 

* of which has been co-eval with the exiftence 

* of the globe itfelf. Of this we have a remark- 
S able proof in the different ftrata of foffil fliells, 
‘ and .other fea bodies, found at Rouffillon near 

* the village of, Naffiac, which is 7 or 8 leagues 

* from the fea. Thefe beds of fliells, which in- 

* dine at different angles from weft to eaft, are 

* divided from each other by ftratalof earth and 
‘ faqd fometimes of a foot and a halt and fome- 
‘ ./ 4 i(nes of two or three feet in thicknafc'*. In dry 
‘.weather they feem as if fprinkled over with 

- ‘ fait, and form a chain of hillocks from 25 to 

I I 2 ‘30 
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* 30 fathoms high. A long chain of hillocks of 

* fuch a height could not be formed at once, 

* but gradually, and by a long fucceffion of time. 

‘ ElFe€ls fomewhat fimilar might have been pro- 
‘ duced by an univerfal deluge. But, in this 

* cafe, the different beds of foflil (hells, inftead 
‘ of preferving a regular form, would have been 
‘ blended together without any order.’ 

I entirely agree with the fentiments of M. 
Barrere, except as to the formation of moun- 
tains, which cannot be afcribed folely to thofe 
caufes which increafe the^arkd, and diminifh the 
boundaries of the ocean. On the contrary, 

I can produce feveral convincing arguments 
fo prove that jnoft of thofe eminences, which 
appear on the furface of the earth, hdve ac- 
tually received their original formation in the 
fea itfelf : i. Becaufe they have correfponding 
angles, which necelfarily* imply the caufe we 
have afligned, namely, the motion of the cur- 
rents. 2. Becaufe downs and hills, which 

c 

have originated from materials thrown upon tha— 
coafts, are not, like common hills, compofed of 
marble and hard (tones. Belides,'-the (hells found 
in the former are only in the foflil (tate 'j but 
thofe in the latter are entirely petrified. " Nei- 
ther is the I pofition of the flrata equally hori- 
zontal in '.owns, as in the hills compof^d of 
marble' an-fl hard (lone. They are more or Ie(^%a*p,^ 
'dined, as in the hills of Nafliac. On the contrary-, 
in the hills and mountains formed by fediments 

under^ 
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tinder the waters of the fea, the ftrata are always 
parallel, and often horizontal ; and the fliells 
and other matter of them are completely petri- 
fied. I defpair not of being able to prove, that 
■: the marbles and other calcareous bodies, which 
are almoft all compol'cd of inldi’cpores, aftroites, 
and Ihells, have acquired their denfity and per- 
feftion at the bottom of the ocean. But the 
tufas, foft fl;ones,.incruftations, ftala£titcs, &c. 
which are likcwife calcinable, and have been^ 
formed fince the earth was left dry, can never 
acquire the degree^of denfity and of petrifadlion 
peculiar to marble and other hai’d ftoues. 

The remarks of M. Saulraon, concerning the 
galets^ which are found in many places, may be 
feen in the hiftory of the French Academy, 
anno 1707. Thefe are round, flat,' finely 
polilhed pieces of flint, thrown out by the fea 
upon the coafts. A>t Eayeux, and at Prutel, 
which is a league from the fea, galets are found 
in digging pits and wells. The mountains of 
.ISonneuil, of Br6ie, and of Quefnoy, which arc 
1 8 leagues diftant from the fea, are covered with 
galets. They .are alfo found in the valley of 
Clermont in Beauvois. M. Saulmon farther • 
informs us, that a hole, 1 6 feet in length, was 
pierced horizontally into th« highbijach of Tref- 
port, which confifts of a foft earfm and that, 
ii>;the fpace of 30 years, it was entiSgly^oblite.- 
rated by the fea, Suppofing the fea to encroach 
1 1 3 uniformly 
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uniformly upon this fhore, it will gain half a 
league in 1 2,000 years. 

The motions of the fea, therefore, mull be 
regarded as the principal caufe of all thofe 
changes which have already happened, and of 
thofe which are daily produced upon the furface 
of the earth. But there are other caufes, which, 
though lefs confiderable, have fomc effect in 
changing the fuperficial parts of this globe. The 
rivers, the.brooks, the melting of fnows, the tor- 
rents, the frofts, &c. have given rife to many 
alterations. The rains 'have diminifhed the 
height of the mountains ; the rivers and brooks 
have elevated the plains, and dammed up the fea 
it their mouths ; the torrents and the melting 
of fnows have fcooped out deep ravines or fur- 
rows in the valleys and narrow paflages between 
the mountains ; the frofts have fplit rocks, and 
detached them from their 'original ftations : In- 
numerable examples of revolutions produced by 
all thefe caufes might be given. Varenius tells 
us, that the rivers tranfport into the fea vafk 
quantities of earth, and depofite them at greater 
or lefler diftances from the fhore, in proportion 
to the rapidity of their currents. Thefe portions 
of earth fall to the bottom, and firft form fmall 
banks, whicji, by conftant accefhons, become 
fhoals, andy^t laft appear in the form of fertile 
and hal:^<^iie iflands. It is in this manner 
the iflands in the Nile, thofe in the river St. 
Lawrence, the ifland of Landa, fituated near the 

mouth 
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mouth of the river Coanza, on the coaft of A- 
frica, the Norwegian iflands, &c. have received 
their exiftence*. To tbefe may be added the 
ifland of Trong-ming in China, which has been 
gradually formed by matters brought down by 
the river Nankin, and depofited near its mouth. 
This ifland is more than 20 leagues in length, 
and from 5 to 6 in breadth f. 

The Po, the Trento, and other rivers of Italy, 
bring down fuch quantities of earth into th^ 
lagunes of Venice, efpecially in the tijjae of 
inundations, that J;hey muft be gradually filled 
up. Many parts of them are already dry during 
the ebb tide; and there is in them no depth of 
water, except in the canals, which are fupported 
at an imiuenfe expence. 

Large fand-banks are thrown up at the 
mouths of the Nile, of the Ganges, of the In- 
dus, of the Plata, ahd of many other rivers. 
La Loubere, in his voyage to Siam, informs us, 
that the banks of fand and of earth augment 
daily, at the mouths of the great rivers of Afia, 
and to* fuch a degree that the navigation of them 
becomes every, hour more difficult, and will loon 
be impradlicable. The fame obfervation applies 
to the great rivers of Europe, and efpecially to 
the Wolga, which en-vptie? itfelf 1^ more than 
70 mouths into the Cafpian, and to jhe Danube, 
r,hichrunsinto the Black Sea by feven I:^.?uths, &c, 

* See Varen, Gcogr. p. 214. 
f See Lettres EJiiiant, rec, xi. Pv234- 

I I 4 As 
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As it feldomi rains in Egypt, the regular in- 
undations of the Nile proceed from the torrents 
which;fall into it from Ethiopia. It brings down 
vaft quantities of mud, which it depofites annu- 
ally not only upon the foil of Egypt, but 
throws it to great diftances into the fea, where it 
is laying the foundations of a new country, 
which muft arife, in the courfe of time, out of 
the bofom of the ocean j for, upon founding at 
. the diftance of 20 leagilfes from the coaft, the 
mud of the Nile is found at the bottom of the 
fea ; and every year it receives frelh accumula- 
tions. The Lower Egypt, now called the Delta, 
was formerly a bay*. Homer tells us, that the 
ijCand of Pharos was a day and a night’s voyage 
from Egypt j and now it is almoft contiguous 
to the land. The foil of Egypt is not evky 
where of an equal depth ; it grows thinner the 
farther we remove from the fea. Near the banks 
of the Nile, there are fometimes more than 30 
feet of good foil; but at the extremity of the in- 
undation, there are not, perhaps', above 7 inchea^ 
All the cities of the Lower Egypt havf been 
built upon artificial eminences f. , The town of 
Damietta, which is now ten miles from the fea, 
was a part of the ocean in the year 1243. 'The 
town of Fooahj'tvhic^, 30b years ago, was fitu- 
ated St the Viouth of the Canopic branch of the 
Nile, 7 miles diftant from it. "Within 

^ See Diodor. Sic. lib. iii. Ariilot« de Meteor, lib. i. cap. 14. 
Werodot. % 4^ &c. 

f Sec Shaw’s Travels. 
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40 years, the Tea has retired half a league from 
Rofetta, &c.* 

Many changes have alfo taken place' at the 
mouths of the great rivers of America, and even 
in thofe which have been but lately difcovered. 
Charlevoix tells us, that at the mouth of the 
Miffifippi, below New Orleans, the land runs 
out into a point, which appears not to be very 
ancient; becaufe, wherever the earth is dug, 
plenty of water is found ; and belides, the manj» 
little iflands which have recently appeargd^ff all 
the mouths of thi| river, leave no room to doubt 
that this point of land was formed in the fame 
manner. It is certain, fays he, that when M. 
Salle failed down the Miffifippi to the fea, fhe 
mouth of this river was confiderably different 
from what it is now. 

The nearer, he adds, we approach the fea, 
this difference becolnes the more confpicuous. 
There is no water in moll of the fmall channels 
cut in the bar by the river. Thefe channels 
are greatly multiplied by the trees brought down 
by the current. A fingle tree, with its branches 
and roots, when flopped in a fhallowpart of the 
river, will entangle a thoufand. I have feen, 
fays he, 200 leagues from New Orleans, differ- 
ent colledlions of trees, any one ofi^which would 
fill all the wood-yards in Paris. Nothing can 
difentangle them. Th.e mud brougitt^fewn by 
Jtlie. river ferves as a cement, and gradually 
• See Shaw’s Travels. 
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covers them. Every inundation leaves a new 
ftratum ; and, in a few years, plants and flirubs 
begin to grow. It is in this manner that moft 
points of land and iflands, which fo often change 
the courfe of rivers, are originally produced. 

All the revolutions, however, produced by 
rivers, are very flow, and become not confider- 
able till after a long courfe of years. iJut thofe 
which are occafioned by inundations or earth- 
llll’akes are fudden, and almoft inftantancous. 
According to the Timaeus of Plato, we are af- 
fured by the ancient priefts'of rEgypt, 600 years 
before the birth of Chrift, that there exifted an 
ifland beyond the Pillars of Hercules, called 
AtlantiSy which .was larger than both Alia and 
Lybia taken together ; and that this great ifland 
was funk under the waters of the ocean by a 
terrible earthciuake. ‘ Traditur Athenienfis civi- 
‘ tas reftitifl'e olim innumeris hoftium copiis quae, 

* ex Atlantico mari profeilse, propd cun( 3 ;am 

* Europam Afiamque obfederuqt ; tunc enim 

* fretum illud navigabile, habens in ore et qual!^ 

* veftibulo ejus infulamquam Herculis GoMmnas 

* cognominant : Ferturque infula'illa Lybia 

* mill ct Afia Major fuiffe, per quam ad alias 

* proximas iofulas pajebat aditus, atque ex infu- 

* lis ad omn«?m continentem e conlpedlu jacen- 
‘ tem ver^mari vicinam ; fed intra os ipfum 
‘ portly?, an gufto finu traditur, pelagus illud ve- 
‘ rum mare, terrA quoque ille verd crat conti- 

‘ nens, &c. ^Poft haze ingenti terra: motu ju- ' 

* gique . 
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* gique diei unius et noftis illuvione fa£lum eft, 

* ut terra dehlfcens omnes illos bellicofos abfor- 

* beret, et Atlantis infula fub vafto gurgite mer- 

* gerctur.’ Plato in Timao. This ancient tra- 

dition is not devoid of probability. The lands 
fwallowed up by the waters were, perhaps, thofe 
which united Ireland to the Azores, and the 
Azores to the continent of America j for,' in 
Ireland, there are the fame foffils, the fame {hells, 
and the fame fea-bodies, as appear in Ameri^.^ 
and fome of them are found in no other»>|wffof 
Europe. * 

Two evidences are mentioned by Eufebius on 
the fubjedt of deluges : The one is Meloj who 
affirms, that all the plains of Syria were form'er- 
ly laid under water: The other is Abidenus, 
who fays, that in the reign of King Sifithrus, 
there was a great deluge, which had been pre- 
didied by Saturn. i*lutarch De Solertia Anima- 
liuniy Ovid, and other mythologifts, deferibe the 
deluge of Deucalion, which happened, they fay, 
in Theflaly, about 700 years after the univerfal 
delugie. It is alfo alleged, that there was a 
ftill more ancient deluge in Attica, during the 
time of Ogiges, about 230 years before that of 
Deucalion. In the year 1095, a deluge in Syria 
drowned a prodigious number of people’'^. In 
2164, a deluge in Friefland covered the whole 
environs of the coafts, and drowf/Xi^fcveral 
.thouiands of the inhabitants f. Another inun- 

• Se# Aided. Chron. chap. 25, f See Krank, lib. v. c. 4. 

I dation, 
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dation, in 1218, deftroyed 100,000 men. O 
inundations there are many other examples. 

Impetuous winds may be regarded as a third 
caufe of changes on the furface of the globe. 
They not only give rife to downs and hills along 
the fea-coafts, but they often arrefl: rivers, make 
them regorge, and change their diredlions. They 
carry off cultivated lands, tear up trees* overturn 
houfes, and cover whole countries with fand. 
Jli[pon the coaft of Brittany, in France, we have 
ati^A^OTple of thefe inundations of fand : The 
hiftory of the Academy, ann.^1722, deferibes it 
in the following terms : 

* In the environs of St. Paul de Leon, in 

* 'Lower Brittany, there is a province on the fea- 
‘ coaft, which, before the year 1666, was inha- 

* bited j but now is totally deferted, on account 

* of the fand, which has covered it to the depth 

* of 20 feet, and which Idaily gains groilud. 

* Reckoning from the above period, the fand 

* has advanced about 6 leagues into the country ; 
‘ and it is now within half a league of St. Paul}* 
‘ and that town muft probably foon be deferted. 

* The tops of fteeples, and of fame chimneys, 

* ftill appear above this ocean of fand. The 
‘ inhabitants, however, have always had leifure 

* to quit their pofleffibns in fafety. p. 7. 

‘ This caramity is augmented by an eaft, or a 
■nortlir^md, which elevate this fine fand, and 
carry it in fuch quantities, and with fuch ra- 
pidity, that M. Deflandes, to whom the Aca- 

* demy, 
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* demy are indebted for the obfervation, when 
^ walking in this country during an ealt wind, 

* found himfelf obliged to fliake his hat and his 

* garments from time to time, on account of the 
^ great weight of fand with which they were 
^ loaded. Befides, when the wind is violent, it 
‘ carries the fand over a fmall arm of the fea as 
‘ far as Rofcof, a port much frequented by fo- 
‘ reign veflels ; and the fand accumulates in the 
‘ ftreets of this village to the height of two feet.,, 

* which obliges the inhabitants to drive 

* waggons. It njay»be further remarked, thiST 

* the fand is mixed with furruginous particles, 
‘ which are recognifable by the magnet. ’ 

* The coaft which furnidies this fand extends 

* from St. Paul to Plouefcat, a fpace of more than 

* four leagues ; and it is nearly on a level with 
‘ the fea when the tide is full. It is fituated in 

* fdch a manner tlAt the eafl; and north-eaft 

* winds only can blow the fand in upon the 
‘ country. It is eafy to conceive how fand car- 
^ ried and accumulated into any place by the 

* wiryl, may again be taken up by the fame 
‘ wind, and carried ftill farther. Thus the fand 

* may continue advancing, and covering new 
‘ lands, as long as the magazine from which it 
'* originally proceeds fhalf remain unexhaufted; 
^ for, if the fountain were once dried up, the 
f fand, by advancing, would diminiL\ in, depth, 

* and its deftru^Iive confequences would’gradu- 
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‘ ally decay. But it is not improbable that the 

* fea may long continue to fupply frefh fand, 
‘ and keep this baneful magazine in a condition 

* to do perpetual mifchief. 

* This difafter is not of an old date. Perhaps 

* it was not till lately that the place was fufE- 

* ciently ftored to allow great quantities of fand 
‘ to be carried off j or, perhaps, it has but re- 
‘ cently been left uncovered by the waters. 
^ This coaft has undergone fome change. At 

the fea, at full tide, reaches half a 
‘^' league on this fide of certain rocks, which it 
‘ formerly never pafled. 

* This miferable province juftifies what has 

* ^een related, both by ancient and by modern 
‘ travellers, that whole cities, and even vaft 
‘ armies, have been buried by tempefts of fand 

* in the deferts of Arabia.* 

Mr. Shaw relates, lhat the ports of Laodicea, 
Tortofa, Rowadfa, Tripoly, Tyre, Acra, and 
Jaffa, are blocked up with fand tranfported by 
the high waves which rife on that part of the 
coaft of the Mediterranean, when thq, weft 
winds blow with violence'*. 

It is needlefs to give raore^ examples of alter- 
ations bn the furface of this globe. The ‘fire, 
the air, and the waters, produce continual 
changes, which, in a fucceflion of ages, become 
%confidg»l5ie. The fea and the land not only 
* See Siaw^s Travels. 
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change places from the elFedls of general and 
Ilated periodic laws, but a number of revolu- 
tions are qccafioned by particular and accidental 
caufes, as earthquakes, inundations, finkings 
of mountains, &c. Thus the furface of the 
earth, which we regard as the moft permanent 
of all things, is fubjedted, like the reft of nature, 
to perpetual viciffitudes. 



CONCLUSION. 


F rom the proofs delivered in Art. VII. 

and Vni. it appears to be an eftabliftied 
fadl, that the whole furface of what is now dry 
land, was fpriherly buried under the waters of 
, thKoqgan. It ii^ equally clear, from Art. XII. 

the flux and reflux, and other movements 
of the ocean, pi^petually detach from the coafts 
and from the bottom of the fea, fhells, and mat- ' 
ter^of every fpecies; and thatthefe are depofited 
in other places in the form of fediments, and 
give rife to the horizontal flrata which every 
where appear. In the IX. Art. we have proved, 
that the inequalities On the *furface of tHo .glebe 
have been occafloned by the motioh of the wa- 
ters of the fea; and that the mountains received 
their original formation from fucceflive accu-, 
mutations of fediments. It is Jikewife evident, 
from Art. XIII; that the currents which firft 
followed the dirediion of^hefe inequalities, af- 
terwards beftowed on them their prefent figure, 
namely, their alternate and correfponding an- 
gles. From Art, Vllf. and XVIII. it appears, 
ib^t mo/t ^ the' matters detached from the coafts 
and frcJTu the bottom of the fea werCi when de- 
pofited in fediments, in the foftti of a fine im- 

palpable 



palpabi^ powder, which enfirely filled tibe cftyi'- ; 
ties of ihells, whether thh powd«^ was of (ho 
fame nature, or only analp|^u8 to the matter 
which the fhells nrerl cothppf^. It^is unde- 
niable^ from Art. that th^orizobtal fira- 
ta, which havie been f^med :^by 'fuii^ellive eocu- 
mulations of^ fedin^nhii and which at firft 
foft and dudile, acquire^de^ty ihd^ tompaiSlk : 
nefe in proportion as th^dnedi^ and that tho^ 
perpendicular fiffures in the fi;raM;<%iy^ the^f 
origin from tho'a^^ 

After perufing Art. X. XI. 3^^; X XX^’’ 
XVII. XVIII. and^]OXf we cemvinte<^^^^ 

that the fuifaqe of the earth hli^heen dishg^ 
by many revolutions Ind particular viciflitudfesi 
arifing from the operation of th# wat^, and the 
efieds of rains, firofl^ rivers, winds, f^bterraneouf 
fires, earth<|ttake8, inundations, dcc.| and, con^ 
quehil^i that the f«/a Haa alternate^ changed 

places with, the dryland, efpdBsdl^ ih the fitft^ 
ages afier the creation) when terniftrial fubfie^es ’ 
were much fofter than &e;^ are nt prefenti : 
It intifl: ho#ever|be acknowledged)^ 
judgment concerning the fucceflibn of 
revoluddns cannot faH tp be" -(^ery^imp^fipl^ 
that we are ftiU iefs competent jili^ls of ' 
changes whi<^lowe theif to tfdrfid^us 

events ; and t^t th!^|dpd ^pffldftoric records 
dlptl^es US of the of p^^uk^^ 

We delidei^ both titnie^and" eag^^ 

here^' 

i:ye^ I,,.""' he 
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be extretnfeiy limited, Nature proceeds her* 
courife. We are ambitious of condbnling into 
oiir momentary duration bt)th the paii and tlie 
future, jvjlthout refledting that human life is 
only a pbint of:|itne, a the hiftory 

of the operatic^ M ^ 
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